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We, Robert R. Schmidt and Philip Miller hereby declare: 

THAT, we are the applicants of the above-identified application and coinventors of the 
subject matter described and claimed therein. 

THAT, prior to April 1 3, 1 995, we had completed in diis country our invention as described 
and claimed in the above-identified application as evidenced by the following: 

a. Prior to April 13, 1995, we conceived of the invention as evidenced by our 
disclosure in two grant proposals attached hereto as Exhibits A-1 and A-2 
describing the Inventors' plan to introduce Chlorella alpha NADP-GDH 
cDNA (encoding the aminating form) into higher plants to increase the 
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amino acid by the glutamate synthetase/glutamate synthase cycle (i.e., 
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GS/GOGAT cycle). The Proposals describe a method for introducing the 
cDN A into the C3 test plant Arabidopsis, and testing the resulting transgenic 
plants for increases in the efficiency of nitrogen assimilation. Each of the 
dates deleted from Exhibits A-1 and A-2 are prior to April 13, 1995. 

b. Subsequently, we worked continually from prior to April 1 3, 1 995 to October 
6, 1995 to reduce the invention to practice. 

c. We disclosed the invention to our patent attorney, Dr. Lawrence M. Lavin, Jr. 

d. Our patent attorney, Dr. Lawrence M. Lavin, Jr., completed an initial draft of 
the application and transmitted it to us for review. 

e. On August 1 , 1 995 we returned a revised draft of the application to our patent 
attorney as evidenced by a cover letter to Dr. Lawrence M. Lavin, Jr. attached 
as Exhibit B. 

f. On September 29, 1995, our patent attorney, Ted W. Whitlock, Esq., 
transmitted a revised application for our revie\y as evidenced by his cover 
letter attached as Exhibit C. 

g. On October 6, 1995, the invention was reduced to practice by filing an 
application for patent under Serial Number 08/54 1,03 3. The above-identified 
application is a divisional of application Serial Number 08/725,596 which is 
a continuation-in-part of Serial Number 08/541,033. 
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d. Our patent attorney, Dr. Lawrence M. Lavin, Jr., completed an initial draft of 
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attorney as evidenced by a cover letter to Dr. Lawrence M. Lavin, Jr. attached 
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PROJECT SUMMARY 

Under photorespiratory conditions, C3 plants expend a large amount of ATP/reducing 
equivalents for net assimilation and reassimilation of NH^* by the chloroplastic glutamine 
synthetase/glutamate synthase (GS/GOGAT) pathway. Chemical mutagenesis and 
Agrobacterium-mediated transformation of Arabidopsis will be used to replace its 
GS/GOGAT pathway with a Chlorella chloroplastic glutamate dehydrogenase (a-NADP- 
GDH) which has a high NH^* affinity. The cDNA and nuclear gene, encoding the. 
precursor-protein for this enzyme, will be inserted into a binary vector for transformation 
of root explants which will be regenerated into plants. NADP-GDH cDNA/gene constructs 
will be placed under the control of homologous or heterologous promoters. Chloroplast 
transit-peptides from Chlorella and Arabidopsis will be tested for their abilities to direct the 
import of the precursor-protein into Arabidopsis chloroplasts. Constructs are also designed 
to determine if the precursor-mRNA transcript from the NADP-GDH gene (with many 
introns) will be processed correctly. Transgenic plants expressing NADP-GDH activity will 
be analyzed to ascertain whether an increase in efficiency of NH^* assimilation is translated 
into a net gain in plant productivity. 
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PROJECT DESC3UPnON 

A- Objectives 

1. To use a combination of chemical mutagenesis and A grobacteriim- niediated 
transformation of Arabidopsi s thaliana to replace its chloroplasti: dutamine 
synthetase/glutamate synthase (GS/GOGAT) pathway with the Chiorelh > rrokiniana 
chloroplastic NADP-specific glutamate dehydrogenase (NADI-3DH) a- 
homohexamer which has a very high affinity for NH^*. 

2. To determine whether this pathway replacement will improve the ene:^:'- efficiency 
of assimilation/reassimilation in a C3 plant under photorespiratocj conditions 
by saving one ATP for every NH^* incorporated into glutamate. 

3. To provide comparative biochemistry/molecular biology data on tis ability of 
gene/cDNA (and associated intron splice-sites, regulatory regions, SiZ-) and the 
chloroplast transit peptide sequence from a lower eukaryotic plan. rsU to be 
expressed or function in a higher plant. 

B. Background, Significance, and Progress Report 

In chloroplasts of C3 higher plants (e.g., Arabidopsis ;> GS and ferredoxii-dependent 
GOGAT function together in the biosynthesis of glutamate from NH^* pn±::ed (i) by 
reduaion of NO3' absorbed from the soil, and (ii) from deamination/decirboxylation 
of glycine during photorespiration (Fig. lA). The primary route of inorgadc nitrogen 
into organic nitrogen metabolism in higher plants is via transamination of ±15 a- amino 
group of glutamate (synthesized by the GS/GOGAT pathway) to a-kett sdds (1,2). 
Ammonium assimilation and reassimilation require a very large expendituri of ATP and 
reducing equivalents, particularly under photorespiratory conditions (3-5;, Tnis ATP 
expenditure becomes even greater as the nitrogen nutrition of the plant is inz-scised. We 
have observed (unpublished data) that total GS activity in certain Q grasses =:i increase 
more than three-fold as the concentration of NO3" or NH^* in the nutrieii nedium is 
increased from 1 mM to 20 mM. 

There appears to be a major difference between some lower organisiE- i-d higher 
plants in how they regulate NH^* assimilation and the utilization of ATP fo: ±ls process, 
particularly at high nitrogen levels. At high NH^* levels, many bacteria, fuTEi 2nd green 
algae repress/inhibit the GS/GOGAT pathway and induce a NADP-GTH (6,7) to 
incorporate NH^* into organic nitrogen metabolism via glutamate (Fig. IF . 3y use of 
this alternate route instead of the GS/GOGAT pathway, one ATP is sa'cii for every 
glutamate synthesized, thereby making nitrogen assimilation more energ? eSicient at 
high nitrogen levels. Most higher plants do not have an NH^* inducible V ADP-GDH 
and therefore assimilate NH^* by the GS/GOGAT pathway regardless of '±t level or 
nitrogen nutrition. Although most plants have a constitutive mitochondria N..^JD-GDH 
and some have a chloroplastic NAD(P)-GDH, these GDHs (7) have lov sj^iities for 
(K„ of 5-50 mM) compared to the plant GS isoenzymes which ha-t very high 
affinities for NH/ (K„ of 0.01-0.02 mM). One experimental approach zz: possibly 
increasing the efficiency of NH^* assimilation/reassimilation in higher plans zi :o replace 
the chloroplastic GS/GOGAT pathway with a high affinity NADP-GDK i-oni a lower 
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organisiiL 

Research in this laboratory has revealed that the unicellular green alga, Chlorella 
sorokiniana. has a constitutive, mitochondrial, tetrameric NAD-GDH (identical subunits, 
each 45,000 Da) and two NH^^'-inducible chloroplastic, homohexameric NADP-GDH a- 
and j3-isoenzymes (subunits 55,500 or 53,000 Da, respectively) which have strikingly 
different affinities for NH^^ (8-11). We have determined (11) that below 3 mM NH^* 
in the culture medium only the ot-homohexamer accumulates in the chloroplast. Above 
this NH^'' concentration, both isoenzymes initially accumulate (i.e., 1" 120 min), then 
accumulation of the a-subunit ceases, and only the ^-homohexamer continues to 
accumulate at long induction times (i.e., 3-12 h). From additional nitrogen nutrition 
studies in which the cells were subjected to rapid transitions between low and high NH^* 
concentrations, we concluded (11,13) that some type of feedback mechanism switches 
gene expression from synthesis of the a-subunit to the ;3-subunit as intracellular nitrogen 
metabolite(s) reach a certain threshold concentration. 

The C sorokiniana a-homohexamer has a very high affinity for NH^* (K^ ranges 
between 0.02 mM and 3.5 mM) and is allosteric in that its NH^* varies with NADPH 
concentration (11). Our serach for the scientific literature has not revealed any other 
reports of a GDH with an NH^* as low as 0.02-mM. This NH^* K„ falls into the 
range of those reported for higher plant OS isoen2ymes (0.01 mM - 0.02 mM). In 
contrast, the /J-homohexame^ has a low affinity for NH^* (K^ = 75 mM) and is non - 
allosteric with respect to NADPH. When cells are synthesizing both a- and /3-subunits 
early during the induction period at high ammonium concentration, homo- and 
heterohexamers (i.e., 6a, 5a:l;9, Aailp, 3a:3f3, 2a:4/3, la:5^, and 6)3) accumulate within 
the chloroplast (37). These NADP-GDH heterohexamers presumably have NH^* 
values which fall between those of the two homohexamers (11). In addition to the 
process which controls the differential synthesis of the a- and /3-subunits, we have shown 
(20,21) that the levels/activities of the NADP-GDH holoen2ymes are regulated by a Ca*^ 
and ATP dependent inactivation/degradation process involving covalent-modification of 
the subunits as an obligatory step to their degradation. 

By use of a very specific polysome immunoselection procedure, coupled with 
oligo(dT) chromatography, we purified the NADP-GDH mRNA 1290-fold to apparent 
homogeneity from C. sorokfniana cells accumulating primarily the ;3-homohexamer (35). 
In vitro translation of this purified mRNA produced a single protein with a molecular 
weight of 58,500 (35). In vitro translation of total poly(A)*RNA, isolated from cells 
synthesizing primarily the a- or /?-homohexamer resulted in the synthesis of 58,500 Da 
precursor-protein(s) which are processed in vitro (by C sorokiniana extracts) to 55,500 
Da and 53,000 Da subunits (11,36). These two subunits have very similar peptide maps, 
and both can be immunoprecipitated by polyclonal antibodies prepared against one of 
the subunits, indicating that they have a high degree of sequence homology (11). This 
sequence homology between the a- and /3-subunits and the identical size of their 
precursor-proteins prompted us to consider whether these two subunits might arise from 
(i) the differential processing of a precursor-protein encoded by a single mRNA and 
gene, (ii) the specific processing of two very similar precursor-proteins encoded by two 
mRNAs formed by alternative splicing (16,17) of a precursor mRNA transcribed from 
:a single gene, or (iii) the specific processing of two precursor-proteins encoded by two 
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mRNAs transcribed from two closely related genes. 
Progress Report 

The previous grant proposal "Nuclear Gene Encoding Two NHj-Inducible 
Chloroplastic Isoenzymes" listed 6 research objectives and requested $313,236 for three 
years. The actual award (Agreement No. -37262-4843) was S90,000 for two years 
beginning _ Because the amount and time of the award were 

decreased by approximately 70% and 30%, respectively, approval was given to decrease 
the number of objectives from six to four: 

1. To elucidate the mplecular mechanisms regulating the differential accumulation of 
two chloroplast-localized NH4*-inducible a- and ^-NADP-GDH isoenzymes which 
appear to be encoded by the same nuclear gene (i.e., establish unequivocally the 
number of NADP-GDH genes). 

2. To determine how many mRNAs encode the NADP-GDH a- and )9-isoenzyraes. 

3. To measure the kinetics of accumulation/degradation of the NADP-GDH mRNA(s). 

4. To determine if the a- and )3-subunits are formed by differential processing of the - 
same precursor-protein. 

During the first 18 mo. of this 24 mo. grant period, our research progress has been 
excellent in that all or major portions of the first three objectives have been 
accomplished and the fourth should be completed by the end of the grant period 
The details of our research progress are presented in the two manuscripts 
(submitted in to PLANT MOLECULAR BTOLOGY 't which are in the 

Appendix of this proposal. A summary progress report is presented below: 

A cDNA library was prepared from total poly(A)*RNA extracted from C. sorokiniana 
cells which were simultaneously synthesizing the NADP-GDH a- and ;3-subunits. 
Seventeen independent NADP-GDH cDNA clones were isolated. A comparison of their 
restriction maps and nucleotide sequences indicated that all of them were derived from 
a single mRNA spedes. From these clones, a 2,145 bp consensus sequence was derived 
which contains a 1,571 bp open-reading-frame (ORF) which encodes a 57,401 Da protein 
approximately 98% of the size (58,500 Da) of the precursor-protein(s) from which the 
subunits are processed. Although the consensus cDNA did not contain the ATG start 
codon, it encoded pan of the chloroplast transit-peptide sequence and sufficient 
sequence for the 55,500 Da a-subunit and 53,000 Da j3-subunit. The deduced amino 
acid sequence of the C. sorokiniana NADP-GDH cDNA is 50% and 503% identical 
with those of the Escherichia cnli (39) and Neurospora crassa (40), respectively, for their 
entire lengths which overiap. However, comparison of the sequences of the highly 
conserved region identified by Mattaj et al . (41) showed much stronger homologies of 
76.6% and 73.4% respectively. 

: Analysis of codon usage in the C. sorokiniana NADP-GDH encoding ORF revealed 
a strong bias towards the use of codons containing G and C at both the first and third 
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positions. This preference correlated with the high GC content (63%) for C. sorokiniana 
genomic DNA that we reported earlier (12). Furthermore, for most amino acids, there 
was an extreme preference for a particular base at the third position of the codon (i.e., 
G for leucine and valine codons and C for serine, proline, threonine, arginine and 
glycine codons). Expressed ribulose bisphosphate carboxylase/oxygenase small subunit 
gsn^s of Chlamvdomona5 reinhflrritij (42) exhibit the same preference for the codons 
most frequently used in the Chlorella NADP-GDH gene. Genes of monocotyledonous 
plants also show a preference for codons containing G or C as the third degenerate base 
(43,44). Although the codons utilized most frequently in the Chlorella NADP-GDH also 
occur at a higher frequency in genes of higher organisms than in barteria (45), we fused 
the longest (1.91 bp) C. sorokiniana NADP-GDH cDNA in frame with lac z in a 
Bluescript vector and showed it to be expressed under the control of the lac promoter 
as both antigen and activity in E. coli . This apparent flexibiity in codon usage suggests 
that this cDNA may be expressed as active NAD.P-GDH activity in higher plants. 

During a 240 min induction period, under conditions in which both types of subunits 
were synthesized in C. sorokiniana, the kinetics of NADP-GDH mRNA accumulation 
were measured by Northern blot analysis, using cDNA probes corresponding to the 
highly conserved region or the 3 ' -untralslated region from the consensus cDNA. The 
rationale was that the highly conseived region probe should hybridize to any NADP- 
GDH mRNA which has this conserved region in common whereas the 3 ' -untranslated 
region should hybridize only to the unique mRNA from which it was derived. Both 
probes detected only a single-size mRNA (22 kb) and yielded the same pattern of 
mRNA accumulation throughout the induction period. The pattern of mRNA 
accumulation indicated that both transcription and degradation regulate the level of this 
mRNA. After a 20 min induction lag, the concentration of NADP-GDH mRNA (per 
ml of culture or as % of total poly(A)*RNA) rapidly increased 16-fold reaching a 
maximum between 60 and 80 min. A net loss in NADP-GDH mRNA (-30%) occurred 
between 80 and 100 min and then its concentration increased again but more slowly 
between 120 and 240 min. The sharp oscillation in NADP-GDH mRNA concentration 
resulted in only small to moderate changes in the rate of accumulation of total NADP- 
GDH catalytic activity. This type of discrepancy between the two patterns suggests that 
some type of mRNAtranslational control and/or enzyme covalent-modifi cation/turnover 
is preventing expression of the total hybridizable NADP-GDH mRNA as the 
accumulation of a proportional amount of total NADP-GDH activity. • 

The aforementioned cDNA isolation/sequencing data along with the results from the 
Northern blots analyses with the two cDNA probes, are consistent with C. sorokiniana 
having only a single mRNA species that is translated into a NADP-GDH precursor- 
protein which is differentially processed to yield a- or j9-subunits (15). 

The highly conserved region probe was used to select eight NADP-GDH genomic 
clones from a C. sorokiniana genomic library. Restriction maps of the four longest 
overlapping genomic clones showed them to span a 21.9 kb region of the genome. 
Eleven kilobases of this region were sequenced and shown to contain the complete 2,145 
bp NADP-GDH cDNA consensus sequence distributed among 22 exons. The exons 
ranged in size from 18 bp (the smallest reported for any plant) to 550 bp. The 21 
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introns is unusual in that genes from eukaiyotic microorganisms are reported to contain 
on the averajge only 1 to 3 introns. 

To determine whether the sequence derived from NADP-GDH genomic clones 
corresponds to the only NADP-GDH gene in C. soroldniana. Southern blot analyses 
were performed on restriction fragments produced by several endonucleases on the 
genomic clones and on the total ceUular genomic DNA. The restriction fragments were 
hybridized to probes from the highly conserved region and the 3 ' -untranslational region, 
again the rationale being that the highly conserved region probe should hybridize to any 
NADP-GDH gene in the C. sornldnian;^ genome whereas the other probe to only the 
umque NADP-GDH gene having that specific region. The Southern blot data clearly 
showed that the NADP-GDH gene, which we isolated and sequenced, is the only NADP- 
GDH gene having the highly conserved region. Very convincing evidence came from a 
Smal digest of the total cellular genomic DNA that produced only a single 6.9 kb 
fragment, which hybridized with both probes. This endonuclease'also was shown to 
produce a 6.9 kb restriction fragment (containing the regions of hybridization with both 
probes) from the NADP-GDH gene which we sequenced. Thus, a single C. sorokiniana 
NADP-GDH gene encodes the sequence for the o- and ^-subunits which can be 
assembled into holoenzyraes with strikingly different K„ values for ammonium (14). 

We currently have experiments in progress related to the fourth objective which 
should be completed by the end of this grant period (8/31/91). The aforementioned 
molecular biology experiments have shown that it is very Ukely that a single precursor- 
protem is differentially processed to form the a- and ^-subunits. However, we want to 
demonstrate in vitrp that a single precursor-protein, synthesized in vitro from a full- 
length cDNA in an expression vector system, can be differentially processed using 
extracts from Chlprella cells synthesizing only the a- or ^-subunit. Moreover, we are 
currently purifying two preparations of the a- and ;5-subunits to determine their N- 
terminal amino acid sequences so that the cleavage sites in the precursor-proteins can 
be positioned. This latter information is required so that the endopeptidase cleavage-site 
which yields the ^-subunit can be modified by in vitro mutagenesis so that only the a- 
subunit cleavage site remains. For many of the plant biotechnology experiments 
described in this new proposal, we will want only the a-subunit with its high' affinity for 
NH^*, to be expressed from the various cDNA/gene contructs in Arabidopsis . However, 
the unmodified cDNA/gene also will be used in comparative biochemistry/molecular 
biology studies. 

C. Experimental Plan and Methods 

Selection of Arabidopsis mutant(s) having both low GS activity and absence of GOGAT 
activity 

Arabidop,si?i (22) and bariey (23) mutants have been isolated which are deficient in 
GOGAT or chloroplastic GS activities, respectively. These mutants were selected for 
their ability to grow in atmospheres with elevated COj levels (0.8 - 1.0%) but not in 
normal air. The basis of the mutant selection was that COj competitively inhibits the 
oxygenase aaivity of ribulose bisphosphate carboxylase/oxygenase (Rubisco) which 
catalyzes the formation of phosphoglycoUate, the first intermediate on the 
photorespiratory pathway. Because of the importance of both the chloroplastic GS and 
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GOGAT in the reassimilation of NH^* produced during photorespiration, a deficiency 
in either of these enzymes leads to accumulatipji of NH^* in the leaves and rapid 
inhibition of photosynthesis-after these mutants are transferred to air in the light. Under 
these photorespiratory conditions, the mutants become chloro tic within several days, and 
can be rescued by returning them to an elevated COj atmosphere in the light. Since 
plants containing mutations in genes encoding some of the other enzymes in the 
photorespiratory pathway may also give the chlorotic phenotype under photorespiratory 
conditions, direct enzyme analysis (22) of leaf extracts is required to identify specific GS 
and GOGAT mutants. 

In leaves of wild-type C3 plants, such as barley and Arabidopsis. the chloroplastic GS 
isoenzyme has been shown (24) to represent a much higher percentage of the total GS 
activity than the cytosolic GS (approx. 85:15, respectively). The higher plant cytosolic 
and chloroplastic GS isoenzymes are encoded by different nuclear genes (25-28). 
Wallsgrove et al (23) isolated a barley mutant deficient in the chloroplastic GS but which 
still contained wild-type levels (i.e., approx. 17% of. tpt^<2>S'" activity in leaves) of the 
cytosolic GS. Under elevated CO^ levels in tbelight; this Saifey mutant grew normally, 
mdicating that the remaining wild-type activity of the'cytosolic GS was sufficient to meet 
the glutamine requirement of the plant for biosynthesis of purines, pyrimidines, arginine, 
histidine, and tryptophan. However, when the mutant plant was placed under 
photorespiratory conditions, the cytosolic GS by itself was unable to reassimilate the 
large amount of NH^* produced during photorespiration. 

Although an Arabidopsis thaliana {Columbia •eco^'pe) GOGAT mutant (GluS) has 
been isolated by Somerville and Ogren (22), neither cytosolic nor chloroplastic GS 
mutants have been isolated yet for this plant. Dr. C. Somerville (Michigan State 
University) has given us seed of his GOGAT mutant (GluS; MSU 254) for use in this 
project. However, we will have to isolate Arabidopsis mutants which contain wild-type 
cytosolic GS activity and are deficient (0-20%) in chloroplastic GS activity. When these 
chloroplastic GS mutants (homozygous) are isolated, they will be crossed with the 
GOGAT mutant. From the resulting progeny, a double-mutant homozygous for both the 
GOGAT and chloroplastic GS mutations will be isolated. This double mutant is 
required for the development of a transgenic plant in which the biosynthesis of glutamate 
in the chloroplast will occur via the NADP-GDH a-homohexamer (introduced from 
Chlorella ;! instead of the GS/GOGAT pathway (Fig. IC). Somerville and Ogren (22) 
observed that, in the Arabidopsis GOGAT mutant under photorespiratory conditions, 
the chloroplastic GS rapidly converted free glutamate to glutamine, resulting in the 
deprivation of free glutamate for use in biosynthesis of the other amino acids. Thus, 
unless the wild-type level of the chloroplastic GS is low or absent in the transgenic plant, 
the glutamate synthesized by the NADP-GDH may be rapidly converted to glutamine, 
resulting in a shrinkage in the pool of available glutamate normally used in transaminase 
reactions. It should be noted that the primary route for assimilation of inorganic- 
nitrogen into organic nitrogen metabolism is via transamination of the a-amino group 
of glutamate into the carbon skeletons of amino acid precursors. 

We will select Arabidopsis GS mutants by the same procedure described by 
Somerville and Ogren (22) and Estelle and Somerville (29) to isolate their GOGAT 
rnutant (GluS, MSU 254). Mutagenesis will be accomplished by soaking seeds in a 0.3% 
solution of ethyl methane sulfonate. This treatment will induce heterozygous mutations 
in some of the cells which will-give rise to the reproductive structure of the plant. This 
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Ml generation will be cultured to maturity in normal air under fluorescent lamps, 
allowed to self-fertilize, and the seed will be collected. The seed will be germinated at 
high densities in the light under an atmosphere of 1% CO^-air, and these M2 progeny 
will be screened by placing them into normal air for 3-4 days. The plants which show 
chlorosis will be identified and returned to the high-COj environmental growth chamber 
and allowed to self-fertilize and produce seed. The seed from each M2 plant then will 
be germinated separately in the high-COj atmosphere, transferred to normal-air to 
identify homozygous mutant progeny, and then returned to the high-COj atmosphere for . 
recovery and further growth. After a suitable recovery time from chlorosis, extracts will 
be prepared from the leaves of these M3 progeny and will be analyzed for total GS 
activity. When extracts having low total GS activity are identified, these will be further 
analyzed by ion-exchange chromatography in a Pharmacia FPLC (analytical Mono Q 
column, NaQ gradient) to determine Uie ratio of activities of the cytosolic and 
chloroplastic GS isoenzymes. Those mutants which have a wild-type level of the 
cytosolic GS, and are deficient (0-20%) the chloroplastic GS, will be allowed to self- 
fertilize and their seed will be collected. Progeny from these seed will be used in crosses 
with the GOGAT mutant to produce the chloroplastic GS/GOGAT double-mutants as 
discussed above. 

Agrobacterium-mediated transformatiofi of Arabidopsis 

Several types of binary Ti plasmid vectors have been used for the Agrobacterium - 
mediated transformation of the different ecotypes of Arabidopsis (30-34). In addition 
to their ability to replicate in both A grobacterium and E. coli. these binary vectors 
usually have both left and right border repeats of the T-DNA region, a dominant marker 
gene (e.g., kanamycin or hygromycin B resistance), several unique restriction sites for 
insertion of foreign DNA between the T-DNA .borders, and an antibiotic gene for 
maintenance in the resident bacterium (30). For the T-DNA region of the binary vector 
to be transferred into a plant cell, the Agrobacterium strain must also carry a helper Ti 
plasmid which provides the necessary transacting vir functions which are lacking in the 
binary vector. To prevent recombination with binary vertors, helper plasmids have had 
their T-DNA region deleted. 

Binary-vectors carrying the genes for kanamycin or hygromycin B resistance appear 
to vary in their effectiveness as selectable markers for use in isolation of transformed 
cells &om the various Arabidopsis ecotypes. For example, the Columbia ecotype is 
reported (31) to have some natural resistance to kanamycin whereas Wassilskija and 
Landsberg ereaa are very sensitive to this antibiotic. For those ecotypes with some 
resistance to kanamycin, hygromycin B has proven to be an effective selectable marker. 
Feldmann and Marks (32) and Feldmann et al. (33) have successfully transformed 
Arabidopsis (ecotype Wassilskija) by germinating seeds in the presence of Agrobacterium 
carrying a kanamycin resistant binary vector. Although this transformation method 
appears to be very simple and convenient, there are reports (personal cormnunication 
with various scientists) that transformation frequencies are often low and vary among 
different seed lots. Uoyd et al. (31) have transformed Arabidopsis (Columbia ecotype) 
by a modified leaf-disk transformation/regeneration method using a binary vector 
encoding hygromycin B rather than kanamyciiL Because uninfected control leaf-tissue 
of the Columbia ecotype also developed callus in the presence of kanamycin, this 
antibiotic was ineffective as a:selecting agent with this ecotype in the leaf-disk method. 
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However, with the hygroraycin-resistant vector, approximately one-third of the original 
transformed* leaf pieces survived the hygromycin selection-step and more than 50% of 
these generated shoots. Four months were required from the time of infection of leaf- 
tissue pieces with A grobacterium until the collection of seed from the transformed 
plants. Valvekens et al. (34) have developed cultural conditions for inducing root- 
explants, of several Arabidopsis ecotypes, to generate shoots rapidly and at 100% 
efficiency. By use of this root-explant regeneration procedure, along with a Ti plasmid 
vector encoding kanamycin resistance, transformed seed-producing plants were obtained ... 
with an efficiency of 20-80% within 3-months after gene transfer. In addition to a 
shorter time to obtain seed from transformed tissue, this root explant 
transformation/ regeneration method which employed kanamycin was successful with 
three different ecotypes (i.e., Columbia, Landberg erecta. and C24). This finding 
contrasts with the reported difficulties of the Columbia ecotype by the leaf-disk method 
discussed above (31). 

Because the Columbia ecotype was used to select the chloroplastic GOGAT mutant, 
which was obtained from Dr. Somerville, we initially plan to use the root explant 
transformation/regeneration method of Valvekens et al. (34) and a Ti plasmid binary 
vector carrying the kanamycin resistance gene. The binary vector system (GUS Gene 
Fusion Kit) will be purchased from Clontech Laboratories. This system utilizes A. 
tumefaciens strain LBA4404 with its helper plasmid based on an octopine Ti plasmid, 
and several modified binary vectors: plasmid pBIlOl (GUS cassette, no promoter), 
plasmid pBI121.(pBI101 .with .CaMV-35S promoter,- and plasmid BI221 (pBI121 GUS 
cassette in pUC19). The kit also contains the conjugative plasmid RK2013 in HBIOI. 
The aforementioned binary vectors contain, between the right and left borders, the 
kanamycin resistance gene (npt 11) which is driven and terminated by the nopaline 
synthase (NOS) promoter (NOS-pro) and terminator (NOS-ter), respectively. The /3- 
glucuronidase (GUS) gene in pBI121 is driven and terminated by the CaMV 35S 
promoter and the NOS-ter, respectively. The 3' and 5' termini of the CaMV 353 
promoter and NOS-ter termini, respectively, have unique restriction sites which will 
permit excision of the GUS gene and its replacement with the Chlorella NADP-GDH 
cDNA or genomic DNA. To determine if the natural promoter of the Chlorella NADP- 
GDH gene can be expressed (without or with in vitro mutagenesis) in Arat^idopsis. the 
"promoter-less" GUS cassette in pBIlOl will be used. In this binary plasmid, the CaMV 
35S promoter has been deleted and a multicloning site has been inserted in its place 5' 
to the GUS gene. Thus, various promoters (e.g., NADP-GDH promoter region) can be 
cloned upstream of GUS which can be used as a reporter gene. 

Analysis of expression of Chlorella NADP-GDH cDNA/genomic DNA in transgenic 
Arabidopsis plants 

The Arabidopsis GS/GOGAT mutant will be transformed with the aforementioned 
binary vector(s) carrying a number of different Chlorella NADP-GDH cDNA/genomic 
DNA constructs: 

a. Full-length NADP-GDH cDNA carrying its own ATG start-codon, chloroplast 
transit-peptide sequence, and its 3 '-terminus devoid of its poly(A)tail (i.e., the Nos- 

„ ter will provide the terminator/polyadenylation signal). 

b. The same cDNA (as a.) modified by replacement of the Chlorella chloroplast transit- 
peptide sequence with ther equivalent higher plant sequence reported (38) for one of 
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the four Arabidopsis Rubisco small subimit precursor-proteins (e.g., standard single- 
letter code for amino acids for transit-peptide AtB is 
MASSMI^SAAVVTSPAQATMVAPTGUCSSASFPVT^ 

SC). Alternatively, we will be screening an Arabidopsis cDNA library with a 
heterologous GS cDNA probe ( Phaseolus vulgaris ^ to isolate the chloroplastic OS 
cDNA, In the event that the import and/or processing of precursor-proteins for 
stromal enzymes, involved in different aspects of chloroplast metabolism (e.g., carbon 
vs. nitrogen) is/are regulated in part by transit-peptides with sequences differences, 
it might be advantageous to use the transit-peptide sequence for the Arabidopsis 
chloroplastic GS mstead of the one for the Rubisco small subunit. 

c. The same cDNA (as a.) without any chloroplast transit peptide sequence (i.e., the 
NADP-GDH will be targeted for the cytosol instead of the chloroplast). 

d. The entire NADP-GDH genomic DNA clone (gene) containing its natural promoter 
region, start codon, exons, introns, and termination/polyadenylation signal(s). 

e. Another related construct will be the NADP-GDH promoter region by itself. 

f. The same NADP-GDH gene (as d.) modified by deletion of its natural promoter 
region. 

The a., b., c, and f. constructs will be inserted into vector pBI121 between CaMV 
35S promoter and Nos-ter to replace the deleted GUS gene. The d. construct will be 
inserted into the "promoter-less" vector pBIlOl to replace its GUS gene. The e. 
construct will be inserted into the "promoter-less" vector pBIlOl in front of the GUS 
gene to determine whether the Gilorella promoter will be able to drive the GUS gene. 
There are undoubtedly other constructs that will be required; however, the 
aforementioned should serve as examples of some of the more important constructs. 

Transformants from the root-explants initially will be identified by their kanamycin^ 
resistance, and regenerant plants will be allowed to self-fertilize and produce seed in a 
high-C02 lighted, environmental chamber. These seed will be germinated in the 
presence of kanamycin in a high COg atmosphere and the antibiotic resistant progeny 
will be identified. These will be placed under photorespiratory conditions (light, normal 
air) to identify which plants remain green (if any) and those which become chlorotic. 
The plants which remain green will be allowed to self-fertilize and produce"3eed under 
photorespiratory conditions whereas the chlorotic plants will be returned to the high CO^ 
atmosphere for seed production. The seed from these plants will be germinated in the 
low or high CO2 atmospheres and extracts of their leaves will be analyzed for NADP- 
GDH activity (spectrophotometrically), NADP-GDH anti-gen (Western blotting), NADP- 
GDH mRNA (Northern blotting) and NADP-GDH DNA (Southern blotting). Assays 
will also be performed for total GS activity to verify that transformation did not alter the 
wild-type level of the cytosolic GS in the transgenic plant. To confirm that kanamycin 
resistance is conferred by neomycin phosphotransferase and not by some other 
mechanism in the transformants, assays for this aaivity will also be performed. The 
aforementioned assays for NADP-GDH-antigen, -mRNA, and -DNA will be particularly 
important for transgenic plants which become chlorotic under photorespiratory 
conditions. For example, if the Arabidopsis genome contains the intact NADP-GDH 
cDNA/gene and the plant does not accumulate active enzyme, it might be possible to 
identify the biochemical stepji.e., transcription, translation, post-translation) that is 
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limitmg the accumulation of active NADP-GDH. If the transgenic plants (green or 
chlorotic) contain NADP-GDH antigen or activity, their chloroplasts will be isolated and 
analyzed to ascertain whether the antigen/activity is chloroplast localized. For the plants 
transformed with NADP-GDH cDNA without a chloroplast transit-peptide sequence, 
assays will be performed to show whether or not the NADP-GDH is accumulating in the 
cytosol. From a comparative biochemical/molecular biology viewpoint, the results from 
the aforementioned assays on the transgenic plants, carrying the different cDNA/gene 
constructs, are important for identifying possible differences in gene-enzyme regulation 
(or processing) in higher and lower plants. 'For example, from the cDNA constructs 
having the Chlorella or higher-plant chloroplast transit-peptide sequence, it should be 
possible to show whether the lower plant transit-peptide sequence will direct the NADP- 
GDH precursor-protein into the Arabidopsis chloroplast and will be recognized and 
processed by the endopeptidase(s) of this higher plant. Also, another question of 
comparative biochemistry importance is whether the natural promoter(s) of the Chlorella 
NADP-GDH gene will be recognized by the regulatory proteins/RNA polymerase of 
Arabidopsis. Moreover, if the NADP-GDH gene is transcribed into a large precursor 
mRNA (pre-mRNA) in this higher plant, will the many exons (including one only 18 bp) 
be spliced together correctly? 

Efficiency of inorganic nitrogen assimilation, carbon dioxide fixation, and biomass yield 
in transgenic Arabidopsis plants expressing chloroplastic NADP-GDH 

For every NH^* assimilated into glutamate by the chloroplastic NADP-GDH rather 
than by the GS/GOGAT pathway, one ATP should be saved. A question of importance 
from an agricultural biotechnology standpoint is whether this savings in ATP can be 
translated into a net gain in energy that can be used for anabolic processes by the plant. 

Before plant productivity studies are considered, several basic measurements need 
to be performed on the different (isolates) Arabidopsis transgenic plants having 
chloroplastic NADP-GDH activity. Due to variations in the number of copies (gene 
dosage) of the NADP-GDH cDNA/gene that can be inserted into the Arabidopsis 
genome and in their position(s) in the genome (i.e., adjacent genes/promoters can 
influence expression of inserted gene), different amounts of NADP-GDH activity may 
accumulate in the leaves. Firstly, it will be important to rank the transfonnants on the 
basis of their amount of leaf NADP-GDH activity. Thei; degree of resistance to 
chlorosis under photorespiratory conditions may prove to be correlated to the amount 
of NADP-GDH activity in their leaves. Secondly, the NH^"^ concentration in the leaves 
will be measured before transfer to photorespiratory conditions and during a time-course 
thereafter. Thirdly, the photosynthetic rate will be measured (22) as a function of time 
after transfer to photorespiratory conditions. As controls, the same measurements will 
be performed on the wild-type and GS/GOGAT mutant (not transformed) Arabidopsis 
plants. 

Because of the possible variation in gene dosage, there could be a wide range of 
NADP-GDH activities in the transformants. From a plant energy-economy standpoint, 
the ideal transgem'c plants, selected for biomass production measurements, will be those 
with the lowest levels of NADP-GDH activity which can maintain wild-type levels (or 
lower) of NH/ in the leaves under photorespiratory conditions. Because the NADP- 
GDH cDNA/gene insertions into the Arabidopsis genome might lower the activity of 
some essential plant enzyme^i.TU-elated to nitrogen metabolism, a number of NADP- 
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GDH transfonnants will be evaluated in the biomass productivity studies. The following 
comparisons will be made between wild-type Arabidopsis and the aforementioned final- 
selection of transformants during growth (in a random-block design) under 
photorespiratory conditions: 

a. Generation time from seed germination until seed set. 

b. Total protein, total RNA, total DNA, lipid, starch, and chlorophyll content of leaves 
(per fresh and dry weight) at periodic intervals during growth/maturation cycle. 

c. Total weight of seed produced. 

d. Rates of uptake of NO3" and NH^* in separate nutrition experiments vs. • 
developmental stage. 

e. Rate of ^^C02 incorporation by the intact plant. 

f. Leaf ADP/ ATP ratio. 

D. Figure Legend and Figure 

Fig. 1 A,B,C Pathways of inorganic nitrogen assimilation/reassimilation in A. thaliana 
leaves, C sorokiniana cells, and transgenic/mutant A. thaliana leaves. 
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FAOUnES AND EQUIPMENT 

Dr. Schmidt has a laboratory of 1,600 sq. ft which has essentially all of the 
equipment required for modem research in plant and microbial biochemistry and 
molecular biology. Typical equipment items include: twojarge nucleotide sequencing 
apparatus, 1 - Pharmacia Fast Protein Chromatograph with different types of analytical 
columns, multiple units for analytical and preparative slab-gel electrophoresis, 
transiUuminator with Polaroid camera, fraction collectors and monitors, density-gradient 
former and fractionators, 1 - ultracentrifuge, several refrigerated centrifuges, -70 
freezer, Gilford recording spectrophotometer, a laboratory personal computer connected 
to university VAX, etc. In addition, the department has scintillation counters, an 
oligonucleotide synthesizer, electron microscopes, etc. The university Interdisciplinary 
Center for Biotechnology Research (ICBR) has the protein sequencer, amino acid 
analyzers, LKB laser densitometer, DNA sequencer,- DNA synthesizer, etc. The ICBR 
also has a core facility for isolation and production of monoclonal antibodies and also 
polyclonal antibodies. 

Essential for this project is a large constant-temperature, fluorescent-lighted, sealed 
environmental chamber for culturing GS and GOGAT Arabidopsis mutant plants in a 
controlled atmosphere of 1% C02-air. We have successfully cultured Arabidopsis plants 
to maturity from seed in 4 to 6 weeks in this chamber. In addition, we have constructed 
10 fluorescent-light shelves (3' x 5') for culturing wild-type or transgenic Arabidopsis 
.plants .in a constant -temperature (22 °C) culture room in normal air. All culturing of 
transgenic plants will be in the environmental chamber or culture room. No transgenic 
plants will be cultured outside of Dr. Schmidt^s laboratory. 

The culture room also has facilities for'growing plant tissue cultures and also mass 
cultures of algae and bacteria, and it houses a Sharpies continuous-flow centrifuge for 
harvesting large culture volumes. In addition, his laboratory has its own walk-in 
coldroom laboratory (104 sq. ft.), and a darkroom (55 sq. ft.) for development of 
autoradiograms and for viewing nucleic acids in gels with a transiUuminator. 

To facilitate the direction/advisement of his graduate students. Dr. SchmTdt's office 
opens directly into his main laboratory where students have their laboratory benches and 
desks. 
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Ph.D. Degree Advisor: Dr. K.W. King (Deceased) 

Employment/Experience: 

1961-64 Assistant Prof., Dept. Biochemistry & Nutrition, VPI&SU, Blacksburg, VA. 
1964-67 Associate Prof., Dept Biochemistry & Nutrition, VPI&SU, Blacksburg, VA 
1967-80 Professor, Dept. Biochemistry & Nutrition, VPI&SU, Blacksburg, VA 

Sept. 1976 - June 1977, Visiting Professor of Biological Sciences, in laboratory of Dr. 
R.T. Schimke, Department of Biological Science, Stanford University, Calif. I 
learned immunological and nucleic acid techniques used in measurements of specific 
en:^e synthesis and degradation; mRNA isolation and purification; cDNA synthesis 
and hybridization. 

Dec. 1980 - June 1982, Professor and Chairman, Dept. Microbiology & Cell Science, 

University of Rorida, Gainesville, PL. 
July 1982 - present. Graduate Research Professor (i.e., highest rank that a 

Full Professor can hold at the Univ. of Florida) in same department. 

Honors/Awards: 

Certificate of Teaching Excellence (1978); American Society of Biological Chemists 
(1967) Sigma Xi Graduate Research Award (1961); Phi Kappa Phi (1955); Phi Sigma 
Undergraduate Research Award (1954); Bausch and Lomb Honorary Science Award 
(1951). 

Graduate Research/Teaching Experience: 

In the last 30 years, I have supervised graduate students in my laboratory to 35 
advanced degrees; Supervised 13 postdoctoral research associates; 4 visiting professors, 
and 5 laboratory technicians. I have supported these personnel primarily on grants from 
NTH, NSF, USDA, and NASA- 

I currently have a research group which consists of 4 graduate students, a senior 
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laboratory technician, and a Visiting Full Professor on a 12 month sabbati=i leave. 

For 13 years, I taught a 2-quarter advanced graduate-level course, entitled Genetic and 
Metabolic Control. In this course, regulation of gene expression in both procaryotes and 
eucaryotes was discussed in great detail with emphasis on current technique and 
experimental approaches in molecular biology and nucleic acid biochemisr-.-. 

I currently teach a major section of the departmental graduate core coui>e in the area 
of biochemistry and molecular biology of nitrogen assimilation. 

Publications: 

I currently have 51 regular research publications; 8 chapters in books, twj technical 
comments, and several papers in preparation. Ten selected publications rtiated to this 
project are listed below: 

1. Cock, J.M., Kim, K.D., Miller, P.W., and Schmidt, R.R. (1991) NucleoECs sequence 
and ammonium induction pattern of the mRNA encoding chloroplastic NADP- 
specific glutamate dehydrogenase(s) in Chlorella sorokiniana . Plant Mdec Biol, 
submitted. 

2. Cock, J.M., Kim, KD, .Miller, P.W., Hutson, R.G., and Schmidt, R.R. 1991) 
Sequence of a nuclear gene with many introns encoding chloroplastic N.-JDP-specitlc 
glutamate dehydrogenases in Chlorella sorokiniana . Plant Molec. BioL sub=utted. 

3. Cock, J.M., Roof, L.L, Bascomb, N.F., Gehrke, C.W., Kuo, KC, and Schniidt, R.R. 
(1990) Restriction enzyme analysis and cloning of high molecular weigir genomic 
DNA isolated from Chlorella sorokiniana (Chlorophyta). J. Phycol. 26:361-367. 

4. Schmidt, R.R. (1990) In, New Directions in Biological Control (UCLA S>n:posia on 
Molecular and Cellular Biology, New Series, Vol. 112; Baker, R., and I>In£ P., eds.), 
Alan R. Liss, New York. Investigation of mechanisms: the key to succissfu: use of 
biotechnology, pp 1-22. 

5. Cock, J.M., and Schmidt, R.R. (1989) A glutamate dehydrogenase gent sequence. 
Nucleic Acids Research 17:10500. 

6. Bascomb, N.F., Prunkard, D.E., and Schmidt, R.R. (1987) Different rces of svTithesis 
and degradation of two chloroplastic ammonium-inducible NADP-specf c glutamate 
dehydrogenase isoenzymes during induction and deinduction in ChloreTi sorokiniana 
cells. Plant Physiol. 83, 85-91. 

7. Bascomb, N.F., and Schmidt, R.R. (1987) Purification and partial kinefc and physical 
characterization of two chloroplast-localized NADP-specific glutamate iebydrogenase 
isoenzymes and their preferential accumulation in Chlorella sorokiniam cells cultured 
at low or high ammonium levels. Plant Physiol. 83, 75-84. 

8. Bascomb, N.F., Turner, KJ., and Schmidt, R.R. (1986) Specific polysome 
immunoadsorption to purify an ammonium-inducible glutamate dehydrj-senase 
mRNA from Chlorella sorokiniana and synthesis of full length double-iranded 
cDNA from the purified mRNA. Plant Physiol. 81, 527-532. 
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9. Pninkard, D.E., Bascomb, N.F., Molin, W.T., and Schmidt, R.R. (1986) Effect of 
different carbon sources on the ammonium induction of different forms of NADP- 
specific glutamate dehydrogenase in Oilorella sorokiniana cells cultured in the light 
and dark. Plant Physiol. 81, 413-422. 

Prunkard, D.E.. Bascomb, N.F., Robinson, R.W. and Schmidt, R.R. (1986) Evidence 
for chloroplastic localization of an ammonium-indudble glutamate dehydrogenase 
and synthesis of its subunit from a cytosolic precursor-protein in Chlorella 
sorokiniana . Plant Physiol. 81, 349-355. 
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FIRST YEAR 



.^ITED STATES DEPARTMENT OF AGRICULTU 
COOPERATIVE STATE RESEARCH SERVICE 

BUDGET 



OMB ADoroved 0524-0022 
Expires 8-92 



Organization and Address 

University of Florida/Division of Sponsored Research 
219 Grinter Hall 

Gainesville, PL 32611 

Principal inve»tigator(s)/Proiect Director's) 

Robert R. Schmidt, Graduate Research Professor 




Salaries and Wages 
1. No. of Senior Personnel 

a. (Co)-Pi(s)/PD(s). . , 

b. Senior Associates . 



2, No. of Other Personnel (Non-FacuUy) 

a. Research Associaies-Postdoc:oraie 

t3. Other Professionals 



c. 3 Graduate Students . (Ph.D., . candidates) 

d. ^ Prebaccalaureaie Students - P^^.^-Cim?. .4 • 7.5 . hr 



e. Secretarial-Clerical 

f. Technical. Shop and Other 

Total Salaries and Wages 



B. Fringe Benefits (If charged as Direct Costs) 



C. Total Salar'es, Wages, and Fringe Benefits (A plus B) 



D. Nonexpencable EquipmerU (Anach supponing data. List items and dollar 
amounts for each item.) 



E. Materials and Supplies 



F. Travel 

1. Domestic (Including Canada) . .NatipJial. meetings 

2. Foreign (List destination and amount for each trip.) 



G. Publication Costs/Page Charges 



H. Computer (ADPE) Costs 



All Other Direct Costs (Anacn supoonmg data. Ust items and dollar amounis. Details of 
suocontracts. tnciuding work statements and Duogei. snoutd t)e explained m full in proposal.) 

(Repair of major equipment items) 



J. Total Direct Costs (C through i) 



Indirect Costs (Specify rate(s) and basets) tor on/ctt campus activity. Where both are 
involved, roeniity itemized costs included in on/oti campus bases.) 

14% total direct costs 



Total Direct and Indirect Costs (J plus K) 



M. Other 



N. Total Amount of This Request 



O. Cost Sharing 



NOTE: Signatures required only lor Revised Budget 



This is Revision No. 



Name and Title {Type or prini) 


Signature 


Date 


Principal lnvestigator/Prc|eci Director 






Authorized Organizational Representative 







Form CSPS.SS (9/89) 



^ IITED STATES DEPARTMENT OF AGRICULTUI 
COOPERATIVE STATE RESEARCH SERVICE 

BUDGET 



CMB Aooroved 05*4 0022 
Expires 8.92 



SECOiro YEAR 



Organization and Address 

University of Florida/Division of Sponsored Research 
219 Grinter Hall 
Gainesville, FL 32611 



Principal Investlgator(s)/ Project Directorts) 



USDA Gram No. 



Duration Proposed 

Mor^ms: 1 2 

FUNDS 
REQUESTED BY 



Duration Awarcec 

Monms: 

FUNDS 
APPROVED BY CSRS 



A. Salaries ar^d Wages 

1. No. ol Senior Personnel 

a. (Co)-Pl(s)/PD(5) 


CSRS FUNDED WORK MONHIS 


^ None 


s 


Caienoar 


Acaavmic 


Summer 








b. Senior Associates 








i 




2. No. ol Other Personnel (Non- Faculty) 

a. Research Associaies-Postdoctorate 












b. Other Professionals 











d. _2 Prebaccalaureaie Students . .CpaxC:-.time . @. .4,7.5. hr- 

e. Secretarial-Clerical 

f. Technical. Shop and Other 

Total Salaries and Wages 



34,650 



2,000 



36,650 



B. Fringe Benefits (If charged as Direct Costs) 



C. Total Salaries, Wages, and Fringe Benefits (A plus B) . 



36,650 



D. Nonexpendable Equipnnent (Anach supponing data. List items and dollar 
amounts lor each item.) 



Materials and Supplies 



21,000 



F. . Travel 

1. Domestic (Including Canada) . . . '.'.'N^.tiQnal m^? tings. 

2. Foreign (List destination and amount for each trip.) 



2,000 



G. Publication Costs/Page Charges 



1,500 



H. Computer (ADPE) Costs 



1. All Other Direct Costs (Anacn suooonmg data. Ust items and dollar amounts. Details of 
subcontracts, including worn statements and budget, should be explained in tuii in proposal.) 

(Repair of major equipment items) 



2,500 



Total Direct Costs (C through I) 



63,650 



Indirect Costs (Soecity ratelsl and base(s) for on/ott campus aaiviiy. Where both are 
involved. Identity itemized costs mauoed m orvoti campus bases.) 

14% total direct costs 



8,911 



L. Total Direct and Indirect Costs {J plus K) 



72,561 



M, Other 



N. Total Amount of This Request 



^72,561 



O. Cost Sharing 



NOTE: Signatures required only for Revised Budget 




This is Revision No. > 



Name and Title (Type or print) 


Signature 


Date 


Principal Inyestlgator/Projecl Director 






Authorized Organizational Representative 







Form CSRS-S5(9/89) 



THIRB YEAR 



4ITE0 STATES DEPARTMENT OF AGRICULTU 
COOPERATIVE STATE RESEARCH SERVICE 

BUDGET 



r 



OMB Aoorovea 0524-0022 
Eipires 8 92 



Organization and Address 

University of Florida/Division of Sponsored Research 
219 Grinter Hall 

Gainesville, Fl 32611 

Principat lnvestigator(a).Pro}ect Oirector(s) 

Robert R. Schmidt. Graduate Research ?rofgsqor 




A. Salaries and Wages 

1. No. of Senior Personnel 

a. (Co)-PUs)/PO(s). . , 

b. Senior Associates , 



2. No. of Other Personnel (Non-Faculty) 

a. Research Associates-Postdocioraie 

b. ^ Other Professionals 

c. 
d. 
e. 
f. 



JJ_ Graduate Students .(Ph.D.^ .candidates.). 



2 Prebaccataureate Students . .Cs^.r t . t ime . (3 .4 . 75 . hr ) 

Secretarial-Clerical , 

Technical. Shop and Other 

Total Salaries and Wages ^ 



B. Fringe Benefits (If charged as Direct Costs) 



C. Total Salaries, Wages, and Fringe Benefits (A plus B) 



D. NonexpendabJe Equipment (Attach supporting data. List items and dollar 
amounts for each item.) 



Materials and Supplies 



.F. . Travel m . i 

1. Domestic (Including Canada) . National ^meetings 

2. Foreign (List destination and amount for each trip.) 



G. Publication Costs/Page Charges 



H. Computer (ADPE) Costs 



I. All Other Direct Costs (Anacn suopomng data. Ust items and ooiiar amounts. Details of 
subcontracts, including worK statements and budget, should be explained m full in proposal.) 

(Repair of major equipment items) 



J. Total Direct Costs (C through I)' 



K. Indirect Costs {Speclty faie(s) and base(s) for on/o« campus activity. Where both are 
involved, loentity itemized costs included m on/ott campus bases.) 



Total Direct and Indirect Costs (J plus K) 



M. Other 



N. Total Amount of This Request 



O, Cost Sharing 



NOTE: Signatures required only lor Revised Budget 



This is Revision No. > 



Name and Title (Type or pnnt) 


Signature 


Date 


Principal lnvestigator/Pro|ect Director 






Authorized Organizational Represcniailvo 







UNITED STATES DEPARTMENT OF AGRICULl 
COOPERATIVE STATE RESEARCH SERVICE 

BUDGET 



CMB Aooroved 052^ 0022 
Eipires 8-92 



CUMULATIVE SUMMARY 



Organization and Address 

University of Florida/Division of Sponsored Research 
219 Grincer Hall 
Gainesville, FL 32611 



principal InvestigatortsVProject Oirector(s) 

Robert R. Schmidt. Graduate Research Professor 



USDA Grant No. 



Duration Proposed 
Momns: 36 

FUNDS 
REQUESTED BY 
PROPOSER 



Ouraiion Awaroed 

Months: 

FUNDS 
APPROVED BY CSRS 
(It ditterenti 



A. Salaries and Wages 

1. No. of Senior Personnel 

a. {Co)-Plls)/PD{s). . . 

b. Senior Associates . 



CSRS FUNDED WORK MONTHS 



CaMinaar 



2, No. of Other Personnel (Non-Faculty) 

a. Research Associates-Postdoctorate 

b. Other Professionals 

c. 3 Graduate Students . ._(P.h . D candidates) 

d. 2 

e. 

f. 



Acaoamtc 



Summer 



S None 



Prebaccalaureate Students . .(paj:.t;7tiiiie .(?, .4 , 7.5 . hi:) . 

Secretarial-Clerical 

Technical. Shop and Other 

Total Salaries and Wages 



104.033 



6,000 



110,033 



B. Fringe Benefits (If charged as Direct Costs) 



C. Total Salaries, Wages, and Fringe Benefits (A plus B) 



110,033 



D. Nonexpendable Equipment (Anach supporting data. List items and dollar 
amounts tor each item.) 



E. Materials and Supplies 



63,050 



F, . Travel 

1 . Domestic (Including Canada) . Natrional .meetings 

2. Foreign (List destination and amount for each trip.) 



6,000 



G. Publication Costs/Page Charges 



4,500 



H. Computer (ADPE) Costs 



1. All Other Direct Costs (Anacn suDOonmg oaia. Ust items and dollar amounts. Details ot 
subcontracts, including won( statements and budget, snoutd be explained in (uii m proposal.) 



(Repair of major equipment items) 



7,500 



J. Total Direct Costs (C through 1) 



191,083 



Indirect Costs (Specify raie(s) and t^asets) for on/oti campus aaivity. Where both are 
involved. Identity itemized costs induded in on/oti campus bases.) 

14% total direct costs 



26,752 



L. Total Direct and Indirect Costs (J plus K) 



217,835 



M. Other . 



N. Total Amount of This Request 



^217,835 



0. Cost Sharing 


S 




NOTE: Signatures required only lor Revised Budget 


This is Revision No. > 




Name and Title (Type or print) 


Signaturo 


Date 


Principal investigator/Project Director 






Authorized Organizational Representative 







Form CSRS-SS (9/89) 



r 



BUDGET JUSTDFICATION 

Personnel: 

1. Prindpal Investigator: 

Dr. Schmidt will spend 25% of his time on this project No salary funds are 
requested. 

2. Three Graduate Research Assistants: 

Mn Richard Hutson received a B.S. degree in Microbiology from the Virginia 
Polytechnic Institute and State University, and will receive the M.S. degree in 
molecular biology under my direction in He will pursue his Ph.D. in my 

laboratory. 

Mr. Philip Miller received a M.S. degree in Genetics from Appalachian State 
University and joined my laboratory Spring Semester 1990 and is pursuing his Ph.D. 
in molecular biology under my direction. 

Ms. Brenda Russell received a M.S. degree in Microbiology Irom the Virginia 
Polytechnic Institute & State University and joined my laboratory aummer Semester 
1990 and is pursuing her Ph.D. in molecular biology under my direction. 

Each of these graduate students is currently working on aspects of the molecular 
biology of the Chlorella and Arabidopsis project. Their continued work in this area 
requires an extramural grant. 

3. Laboratory Aids: 

Part-time undergraduate-student employees are required to wash and/or sterilize 
the large volume of dirty laboratory glassware and culture tubes, etc. generated by an 
active research group. These part-time laboratory aids also are involved in the 
general laboratory maintenance required in a biochemistry/molecular biology 
laboratory. 

4. Laboratory Technidan TStare funded^: 

Ms. Waltraud Dunn, a senior level state-funded laboratory technician will devote 
approximately 25% of her time to this project with no funds requested for her salary 
from the NSF. 

The salaries of the graduate students will be increased by 5% each year. There is a 
Graduate Student Union at the University of Florida that negotiates raises each year 
which range between 4% and 6%. 

Travel: 

Funds are requested to give talks/posters at the national meetings of the American 
Society of Biological Chemists, American Society of Plant Physiologists, and the 
American Society of Microbiology. The principal investigator, and graduate students will 
be attendees provided talks/posters are presented. 
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Materials and Supplies (per year): 

1. Radioactive, compounds, enzyme substrates, protein standards, restriction enzymes 
and other recombinant DNA reagents and linkers, translation assay components, 
Protein A, and other bipchemical reagents, etc. 511,000 

2. Chromatography, electrophoresis, chromatofocusing columns, gels, packings, aJESnity 
resins, cellulose nitrate paper and other derivatized papers, polybuffers, etc. $3,000 

3. Glassware, plasticware, scintillation vials, Eppendorf pipettes tips, distilled HjO 
dionizer cartrrdges, culture tubes, microcentrifuge tubes, liquid nitrogen, carbon 
dioxide, argon. X-ray film, etc. ,\ ^ $3,000 

4. Small equipment items costing less than $500 will be required for this project, e.g., 
automatic pipettes, special electrophoresis chambers, dialysis chambers, pumps, 
thermoregulators, magnetic stirrers, heaters, etc. $3,000 

Because of the rapid increase in costs of biochemical and molecular biology reagents, 
a 5% increase per year is budgeted. 

Publication Costs/Page Charges: 

The funds are requested for page costs and also for making photographs of gels, 
autoradiograms, etc, and for preparation of figures for publication. "With research 
progressing so rapidly, it is anticipated that equal funding will be required each year for 
publication related costs. 

Other Direct Costs: 

The costs for repairs of power supplies, centrifuges, low temperature freezers, Coulter 
cell counter, spectrophotometer, freezer drier, fraction collectors, etc. routinely costs a 
minimum of $2,500 per year. 
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UNITED STATES DEPARTMENT OF AGRICULTURE 
COOPERATIVE STATE RESEARCH SERVICE 

ASSURANCE STATEMENT{S) 



STATEMENT OF POLICY - Safeguarding the rights and 
welfare of subjects at risk and the proper isolation security of 
research agents in activities supported by Cooperative State 
Research Service is the responsibility of the institution to 
which support is provided. In order to provide for the adequate 


discharge of this responsibility. USOA pobry requires a format 
assurance that appropriate, committeies ir each institution will 
carry out both initial review of proposals anc continuing review of 
supponed projects. The Depanment also rerjires cenificaiton of 
such reviews. 


NOTE: Check appropriate statements, supplying additional information when necessary 


1 . Institution 
University of Florida 


2.Tyge_^- 

Qh^^J • Extension Revisic 




3. Project Number or Grant Number (If KncA-i) 


4. Title of Project Development of Transgenic 
plants Requiring Less ATP for 


5. Principal Investigator(s) 
Robert R. Schmidt 


"NH, Assimilation 
A. REfcOMBINANT DNA OR RNA RESEARCH 



This institution agrees to assume primary responsibility for complying with.both the intent:aod procedures of the National 
Institutes of Healths (NIH) -Guidelines for Research Involving Recombinant DNA Molecules, as revisec/see subsection 
205(b)(3), Subpart U of the -Uniform Federal Assistance Regulations" (7 CFR Part 3015)) and other accicabie rederal/ 
Slate guidelines and regulations. 
Tiiis responsibility includes: 

1 Ensuring that a standing Institutional Biosafety Committee (IBC) reviews proposed projects. 

2. Registering with the IBC all experiments involving recombinant DNA and RNA Molecules conduciec '^.tn the funds 
provided under this proiectygrant and complying with the requirements specified in Part 11 of the NIH Guidelines or any 
other pertinent guidelines and regulations. IBC s are required to keep records of this research in a rc-m that is available 
to the U.S. Department of Agriculture (USDA) upon request. 

in addition, principal investigators must report the following to the USDA and to their l3C's: 

1 . New technical information relating to risks and safely procedures. 

2. Serious accidents or releases involving recombinant DNA or RNA. 

3. Serious illness of a laboratory worker which may be project related. 

4. Other safety problems. 

.* Project does not involve recombinant DNA or RNA. 

X Project involves recombinant DNA or RNA. (Check applicable staiement(s)). 

Z This project has been determined by the local IBC to be exempt from the NIH Guidelines. 

and^.revised 

XX This project has been reviewed by an IBC and was approved on _ luaie). 

for project with Chlorella. 
XX Other action (explain) The revised DOR for extending recombinant DNA research to include 
the insertion of Chlorella NADP-GDH gene into Arabidopsis is currently being 

prepared for submission to the local IBC. 

B. ANIMAL CARE 
XX Project does not involve use of vertebrate animals. 

I Project involves use of vertebrate animals. {Check the following applicable statement(s)l 

- a) This project is in compliance with the Animal WeifareAct of 1966 and 9 CFR Subchapter A (Usoraicry Animals), 
as amended. 

b) This project is under review by the Institutional Care and Use Committee and a revised For- CSRS-552 will be 
submitted when the review is completed. 
Z c) This project has been approved by the Institutional Animal Care and Use Committe e on (Date). 

Signature of Authorized Organizational Representative 




Form CSRS-662 



Previous eamons ot ihis torm are oosoieie. 



(OVER) 



APPENDIX 

Two manuscripts submitted : 

1. Cock, J.M, Kim, K.D., Miller, P.W., and Schmidt, R.R. (1991) Sequence and 

ammonium induction pattern of a mRNA encoding chloroplastic NADP-specific 
glutamate dehydrogenase(s) in Chlorella sorokiniana . Plant Molec. Biol., submitted. 

2. Cock, J.M., Kim, K.D., Miller, P.W., Hutson, R.G., and Schmidt, R.R. (1991) 
Sequence of a nuclear gene with many introns'encoding chloroplastic NADP-specific 
glutamate dehydrogenases in Chlorella sorokiniana . Plant Molec, Biol., submitted. 
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Abstract 

A cDNA library was prepared from total poly(A)*RNA extracted from Chlorella 
sorokiniana cells which were simultaneously synthesizing two ammoniimi-inducible 
chloroplastic NADP-specific glutamate dehydrogenase (NADP-GDH) isoenzymes. These 
isoenzymes have strikingly different affinities for ammonium and are composed of a- and 
/?-subunits of different sizes but with very similar peptide maps. Seventeen independent 
NADP-GDH cDNA clones were isolated. Comparison of their restriction maps and 
nucleotide sequences suggests that all of them were derived from a single mRNA 
species. Each cDNA contained a highly conserved region, with a deduced amino acid 
sequence, having 77% and 73% identity with the corresponding regions in the NADP- 
GDH genes of Escherichia coli and Neurospora crassa. The longest cDNA was fused in 
frame with lac z in a Bluescript vector, and was expressed as NADP-GDH antigen* in E. 
coli. From the 17 cDNAs, a 2,145 bp consensus sequence was derived which encodes a 
57,401 Da protein of nearly the same size (58,500 Da) as the precursor-protein(s) from 
which the subunits are processed. During a 24D.min induction, period, .under conditions 
in which both types of subunits were synthesized, only a single-size (2.2 kb) NADP-GDH 
mRNA was detected using cDNA probes corresponding to the highly conserved region or 
3 '-untranslated region of the consensus cDNA. These results are consistent with a 
single mRNA encoding a precursor-protein which.. is differentially processed to yield a- 
and /3-subunits. 



2 



I 



COCK 
IntToductioa 

In this laboratory, Chlorella soroMniana cells have been shown [3,26] to synthesize three 
different glutamate dehydrogenase (GDH) isoenzymes: a constitutive, mitochondrial, 
tetrameric (subunit = 45,000) NAD-specific isoenzyme (NAD-GDH); and two 
ammonium-inducible, chloroplastic, hexameric NADP-specific (NADP-GDH) a- and 
isoenzymes (subunits = 55,500 and 53,000, respectively). Only the a-homohexamer 
accumulates in the chloroplast of cells cultured in medium containing 1-2 mM 
ammonium [3]. The addition of higher ammonium concentrations (3.4 - 29 mM) to 
uninduced cells results in accumulation of both types of subunits (a and in NADP- 
GDH holoenzymes for the first 120 min. Thereafter, only the /3-homohexamer 
accumulates [2,3,32]. When the a- and ^-subunits are concomitantly synthesized early in 
the induction period in 29 mM ammonium medium, Prunkard et al. [32] detected seven 
different electrophoretic-forms of the NADP-GDH holoenzymes during native-PAGE 
These forms were shown to have different molecular weights, presumably resulting from 
the formation of homo- and heterohexamers due to random-mixing of a- and /3-subunits 
(i.e., 6a, 5a: 1)3, 4a:2/3, 3ai3/3, 2a:4;3, la:5/3, 6^). 

The purified a- and ^-homohexamers have strikingly different ammonium K^, values [3]. 
However, the K„ values for their other substrates are very similar. The a-homohexamer 
is an allosteric enzyme in that its ammonium K„ ranges from 0.02 to 3.5 mM, depending 
upon the NADPH concentration. In contrast, the /3-homohexamer is non-allosteric and 
has an ammonium K^, of approximately 75 mM. None of the heterohexamers have been 
purified from each other to determine how their ammonium K„ values differ from those 
of the two homohexamers. When homo- and heterohexamers of NADP-GDH were 
accumulating during early induction in 29 mM ammonium, Bascomb et al. [2] performed 
pulse-chase experiments and determined that the a-subunit antigen was degraded with a 
half-life of 50 min whereas the ^-subunit antigen was degraded more slowly with a half- 
life of 150 min. After the removal of ammonium fi-om these induced cells, enhanced 
rates of degradation were observed for the a- and ^-subunit antigens, i.e., half-lifes of 5 
min and 13.5 min, respectively. 

Although the o- and ^-homohexamers have different affinities for ammonium and their 
rates of in vivo turnover are very different, they were shown [3,33] to have very similar 
peptide maps and to be derived from precursor proteins of identical size (M, = 58,500). 
Moreover, antibodies prepared against one of the homohexamers will immunoprecipitate 
both isoenzymes [3,45]. These latter biochemical and immunochemical properties 
indicate that the a- and ;5-subunits have a considerable amount of sequence homology. 
We were therefore prompted to consider whether these two subunits might arise from (i) 
the differential processing of a precursor-protein encoded by a single mRNA and gene, 
(ii) the specific processing of two very similar precursor-proteins encoded by two mRNAs 
formed by alternative splicing [30,42] of a precursor mRNA transcribed from a single 
gene, or (iii) the specific processing of two precursor-proteins encoded by two mRNAs 
transcribed from two closely related genes. The purpose of the research described in 
this paper was to determine how many mRNAs encode the o- and /9-subunits. Our 
experimental findings are consistent with but do not prove that a single NADP-GDH 
mRNA encodes a precursor-protein which is processed to give either a- or /3-subunits. 
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In the following paper [7], the sequence of the nuclear gene encoding this NADP-GDH 
mRNA is presented. 



4 



( 



r 



COCK 

Materials and methods 

Preparation and screening of aC sorokiniana cDNA library 

Uninduced C sorokiniana cells were synchronized by intermittent illumination (9h 
light:7h dark) in 29 mM nitrate medium [32] as previously described [40], except that the 
EDTA concentration in the medium was increased from 0.072 mM to 031 mM to 
prevent precipitation of salts during autoclaving. The light intensity was adjusted to 
support a growth rate at which each cell would divide into four progeny at the end of 
each cell cycle. 

Uninduced synchronized daughter cells were washed in nitrogen-free culture medium, 
and then transferred into medium containing 29 mM ammonium, and the culture was 
immediately placed into the light in a 3 L Plexiglas chamber to induce the accumulation 
of the NADP-GDH a- and ^-isoenzymes. Samples were taken every 20 min to monitor 
induction of NADP-GDH activity [40], culture pH, and culture turbidity (A^^o). The 
culture was harvested after 80 min of induction. At this induction time, the cells were 
still accumulating both NADP-GDH isoenzymes, and the a- and /3-subunits each 
constituted about 50% of the total NADP-GDH antigen [2,32]. 

The cells were frozen (-70 *C) as a suspension of 1 g fresh weight ci cells per 5 ml in 
0.1 M Tris-HCl pH 8.2. Two grams of cells were washed once in 0^1 M Tris-HCl (pH 
8.5), and resuspended in 50% (w/v) guanidine thiocyanate, 0.5% (w/v) sodium lauryl 
sarcosine, 25 mM EDTA, 0.5% (w/v) antifoam A- The cells were broken by two 
passages through a 5 ml French pressure cell at 20,000 p.s.i. (i.e., 138 MPa). Total 
cellular RNA was purified by centrifugation to a pellet through a cushion of 5.7 M CsCl 
overlayed with 2,4 M CsCl, and by extraction with phenol as described by Maniatis et al. 
[22]. Total poly(A)*RNA was isolated by oligo(dT) chromatography as described by 
Turner et al. [39]. As a test of mRNA integrity, samples of this poly(A)*RNA 
preparation were shown to support a high level of protem synthesis in a n^RNA- 
dependent rabbit reticulocyte lysate in vitro translation system [31,39]. 

The purified poly(A)*RNA was sent to Stratagene Qoning Systems (Palo Alto, CA) 
where a cDNA library was constructed by the addition of £coRI linkers to double- 
stranded cDNA followed by ligation into XgtlO [17]. The primary library contained 5 x 
10' clones, and these primary clones were amplified to 2 x 10'° pfu per ml in £1 coli 
strain C600 Hfl'. In the initial screening of the amplified library, the DNA in 1 x 10* 
phage plaques was adsorbed to nylon membrane filters (Hybond N, Araersham). A 
radioactive (2.75 x lO' cpm/1.5 Mg) heterologous NADP-GDH DNA probe was 
synthesized [12,13] from random hexamer primers (Pharmacia) annealed to 1.5 /ig of the 
1.2 kb Hindm/EcoRl fragment of pJB103 [27], and this probe was used for the three 
rounds of screening. The clone pJB103 was kindly provided as a gift by Drs. J.E. 
Brenchley and E.S. Miller (Penn State University and North Carolina State University, 
respectively). 

Lambda phage containing hybridizing. cDNA inserts were isolated using an 
imraunoadsorption procedure (LambdaSorb; Proraega). DNA was extracted from these 
phage and the cDNA insets were released by £coRI digestion, subcloned into pUC18 
[44],- and transformed into E. coli DH5a [16]. Putative NADP-GDH cDNA clones in 
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pUC18 were designated as the pGDc series. The cDNA inserts were analyzed by 
restriction mapping and nucleotide sequencing. 

After mapping and sequencing the first set of NADP-GDH cDNAs, the amplified 
library was screened once again but with a homologous 115 bp probe derived from near 
the 5' terminus but including part of the highly conserved region of the pGDc23 
sequence. The putative NADP-GDH cDNAs, isolated in this second screening, were 
also mapped and partially sequenced. 

Sequencing of NADP-GDH cDNA clones 

cDNA clone pGDc23 was completely sequenced in both directions and the other NADP- 
GDH cDNAs were partially sequenced fi-om both ends. This procedure involved 
subcloning £coRI, Pstl, and EcoRl/BglU. restriction fragments (from the cDNA inserts in 
pUClS) into M13 mp 18/19 [44] and also generation of a set of nested deletions from 
each end of the insert by digestion with exonuclease Bal3l [22] also followed by 
subcloning into M13 mp 19. Fragments cloned into M13 were sequenced by the dideoxy 
method of Sanger at al. [35] using a modified bacteriophage T7 polymerase [38] 
(Sequenase, United Stat.i3 Biochemical Corp.). The DNA sequence data were analyzed 
by use of Pustell sequence analysis programs (International Biotechnologies, Inc.) - 

Expression of pGDc23 cDNA in E. coli 

E. coli strain JM109 [44] was transformed with pBluescript SK" (Stratagene Cloning 
Systems, Inc.) carrying pGDc23 fused in frame to a portion of the lac z gene and under 
control of the lac promoter. This construct was designated pBS-GDc23. The bacterial 
cells were cultured at 37»C in 2 x TY medium to a culmre mrbidity (A^qq) of 0.70, IPTG 
was added to 5 mM, and the cells were induced for 3 h. For preparation of a crude cell 
extract, the cells (4.8 A^qq units/ml) were pelleted at 1,500 x g for 10 min, resuspended in 
0.35 ml of 55 mM Tris-HCl pH 6.8, 2.8 M )3-mercaptoethanol, 0.0025% bromophenol 
blue, 4% SDS, 7.7% glycerol, boiled for 5 min, and centrifuged for 5 min at 15,000 x ^ in 
an Eppendorf microfiige. One tenth of this extract was subjected to SDS denaturing 
elearophoresis in a 10% polyacrylamide gel (16 h at 50 v). The proteins were 
electrophoretically transferred from the gel to a nitrocellulose membrane and the 
NADP-GDH antigen was detected by an immunochemical procedure [32] using ^"l- 
labelled Protein A and anti-NADP-GDH IgG [45]. The dried membrane was exposed to 
Kodak X-Omat AR film for 36 h at -70° C. 

Kinetics of ammonium induction of NADP-GDH mRNA and catalytic activity 

Synchronized C sorofdniana cells were induced in 29 mM ammonium medium as ► 
described above. After addition of ammonium to the cells, samples of 500 ml of cell 
suspension (approximately 140 x 10* cells/ml) were harvested at zero time and at 20 min 
mtervals for the first 140 min and a final sample was harvested at 240 min. The cells 
were, then harvested by centrifugation at 10,000 x ^ for 5 min at 4«C, and fresh weight of 
the cells was measured. The cells were resuspended in 4 ml of 0.1 M Tris-HCl pH 8 5 
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per g of cells and frozen at Total cellular RNA was extracted from 2 g pellets of 

cells as previously described [3,33]. Poly(A)*RNA was isolated on an oHgo(dT) column 
as described by Turner et al. [39]. The quantitation of poly(A)*RNA in the various RNA 
preparations was based on the formation of ribonudease-resistant hybrids with ^H- 
labelled polyuridylate (poly(^H-5,6-uridylate), 2-10 Ci/mmol, New England Nuclear) as 
described earlier [5,10] using purified ;S-globin mRNA (Bethesda Research Laboratories) 
as a standard. The yield of poly(A)*RNA was between 37 and 90 ^ig per g of cells 
harvested during the induction periods. The NADP-GDH induaion experiment was 
repeated to verify the mRNA induction pattern. 

NADP-GDH catalytic activity was measured in the deaminating direction by the 
spectrophotometric procedure described by Turner et d. [40], One unit of activity was 
defined as the amount of enzyme required to reduce 1 /xmol of coenzyme/min at 38.5 "C. 

Northern blot analysis 

RNA was electrophoresed in 2% agarose gels in the presence of 6% formaldehyde and 
blotted onto nylon membranes (Hybond N, Amersham) [9,22]. The RNA was 
crosslink.ed to the membrane by illumination with UV light for 5 min. The, 4 J h • 
prehybridization and 16 h hybridization were described previously [9]. The radioactive 
probes were synthesized by use of random hexamer primers as described above. After 
hybridization, the membranes were washed three-times for 5 min with 2 x SSC, 0.1% 
SDS at room temperature (22 «C) and then with 03 x SSC, 0.1% SDS for 5 min at room 
temperature. Autoradiography was performed as described above. The intensities of the 
NADP-GDH mRNA bands on the autoradiogram were quantified by a SCR ID/2D soft 
laser scanning densitometer (Biomed Instruments, Inc.). 
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Resiilts and discussion 

Isolation, restriction mapping, and sequencing of C. sorokiniana NADP-GDH cDNAs 

Bascomb et al. [2] used a Western immmunoblotting procedure to show that a- and /3- 
subumts rapidly accumulate as NADP-GDH holoenzymes between 40 and 120 min after 
addition of 29 mM ammonium to previously uninduced C sorokiniana cells. Free 
NADP-GDH subunits could not be deteaed in cell extracts. By pulse-chase studies, they 
determined that the a-subunit was synthesized five-times faster than the /3-subunit and 
that both subunits underwent rapid turnover (i.e^ degradation) during the 
aforementioned induction time-period. These findings led us to consider that, if the a- 
and ^-subunits are encoded by different mRNAs, both mRNAs should be present 
between 40 and 120 min to sustain the linear accumulations of these subunits in view of 
their rapid and continuous turnover. However, based upon the faster rate of synthesis of 
the a-subunit, its mRNA would be predicted to be more abundant than the j3-subumt 
mRNA. To determine how many mRNAs encode the a- and ;3-subunits, our 
experimental strategy was to prepare a cDNA library (from total poly(A)''RNA extracted 
from cells induced in 29 mM ammonium for 80 min), isolate and sequence 15-20 NADP- 
GDH cDNAs from this library, and search for sequence differences among these cDNA 
clones. 

The bacterial genes encoding NADP-GDH have been designed gdf/r A [25,27,28,41]. 
These genes have been shown to have a high degree of sequence homology with the am 
gene which encodes the NADP-GDH in the eukaryotic microorganism, Neurospora crassa 
[21]. The highest sequence homology is seen in a 354 bp region [24] near the 5 'termini 
of these genes, corresponding to a region near the amino-terminus of the NADP-GDHs. 
Because of this sequence homology between the conserved regions of the bacterial and 
eukaryotic NADP-GDHs, we decided to use this region firom the cloned 5. typhimwium 
gdhA gene [27] as an initial hybridization probe to saeen the amplified Chlorella cDNA 
library in AgtlO. The probe was a 12 kb EcoRl/HindUl restriction fragment from this 
gene which contained the highly conserved region near the 5 ' end of the coding 
sequence. 

Approximately 2 x 10^ phage plaques were screened with the heterologous probe at low 
stringency and six putative NADP-GDH cDNAs were isolated. These cDNAs ranged in 
size from 0.6 to 1.91 kb, and their restriction maps/nucleotide sequences were found to 
be identical for their regions which overlapped (Fig. IB). They appeared to be truncated 
forms of the longest cDNA which was designated pGDc23. In an attempt to select 
additional NADP-GDH cDNAs with longer 5 ' -termini than pGDc23, the cDNA library 
was rescreened at low stringency with a 115 bp Pstl restriction fragment (Fig. IC) excised 
from near the 5 '-terminus of pGDc23. This 115 bp homologous proximal-probe was 
chosen because approximately one-half of its sequence contains the 5 ' -terminus of the 
354 bp conserved region (Fig. lA) which would be predicted to be present in other types 
of NADP-GDH cDNAs if they exist. By use of this homologous probe, 11 additional 
NADP-GDH cDNAs were isolated, restriction mapped, and their 3' - and 5 '-termini 
sequenced (Fig. IC). These additional cDNAs also had identical restriction 
maps/sequences for the regions that overiapped. Although three of these cDNAs (i.e., 
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pGDc31, 38, and 42) were longer than pGDc23 at their 5'-tennini, none of them were' 
full length. 

Even though the cDNA Ubrary was prepared using an oligo(dT)primer, 10 of the 17 
NADP-GDH cDNAs lacked a poly(A) tafl and additional 3 '-terminal sequences (Fig. 
1B,C). Truncation at the 3 '-terminus presumably resulted from secondary structure 
which formed and interfered with second-strand cDNA synthesis by pol I following first- 
strand synthesis by reverse transcriptase. Moreover, because of premature termination of 
the reverse transcriptase during first-strand synthesis, none of the 17 cDNAs were full 
length at their S'-tennini. From the combined sequences of the 17 cDNAs, a 2,145 bp 
consensus NADP-GDH cDNA restriction map was constructed (Fig. lA). Because 
Bascomb et al. [4] showed earlier that a 11-13 cDNA could be synthesized from highly 
purified C sorokiniana NADP-GDH mRNA, isolated by a very specific polysome 
immunoselection procedure, full length NADP-GDH cDNA was anticipated to be at 
least 2.2 kb. As described in a later section of this paper, Nonhem blotting analyses 
showed the NADP-GDH mRNA to be 2.2 kb. 

Anafysis of the C. sorokiniana NADP-GDH cDNA sequence 

A truncated open-reading-frame (ORF) was found running frorti the first nucleotide of 

the consensus NADP-GDH sequence to a TAA stop-codon at 1,570 bp (Fig. 2). This 

ORF encodes a protein with a molecular weight of 57,401 which is almost the complete 

size (-98%) of the NADP-GDH precursor-protein(s) (58,5.00.Da), The molecular 

weight of the mature a-subunit is 55,500; therefore, the consensus cDNA appears to 

encode part of the chloroplast transit-peptide [20] but is missing the ATG start-codon for 

this pepude and also the 5 ' -untranslated region of the mRNA. If the a- and ^-subunits 

are formed by differential processing of a common precursor-protein derived from a 

single mRNA this consensus cDNA presumably contains the sequences for both mature 
subumts. 

The deduced amino acid sequence of the C sorokiniana NADP-GDH is 50% and 
50.3% Identical with those of £. coli [25] and N. crassa [21], respectively. However, 
cornpanson of the sequences of the highly conserved region identified by Mattaji et al. 
[24J shows much stronger homologies of 76.6% and 73.4%, respectively (Fig. 2). The 
conserved region has been proposed to include amino acids involved in binding of 
dicarboxylate substrates, in catalytic activity, and in interactions affecting an allosteric 
conformational equilibrium [24]. The less conserved C-terminal halves of GDHs are 
probably mvolved in binding of their coenzymes [1,43]. 

Analysis of codon usage in the NADP-GDH encoding ORF (Table 1) revealed a strong 
bias towards the use of codons comaining G and C at both the first (i.e., in the case of 
argimne and leuane codons) and the third positions. This preference correlated with the 
high GC content (63%) reported for C sorokiniana genomic DNA [8], Furthermore, for 
most amino aads, there was an extreme preference for a particular base at the third 
position of the codon (i.e., G for leucine and vaUne codons and C for serine, proline 
threomne, arginine and glycine codons). 

Stressed ribulose bisphosphate carboxylase small subunit genes of Chlamydomonas 
reinhardtu [15] exhibit the same extreme preference for the codons most frequently used 
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in the Chlorelld NADP-GDH gene. This bias may prove to be a common feature for • 
genes of eukaiyotic algae. Genes of monocotyledonous plants also show a preference for 
codons containing G or C as the third degenerate base [29], especially in highly 
expressed genes such as the chlorophyll a/b binding protein gene of Lemna gibba [19]. 
The codons utilized most frequently by the NADP-GDH gene also occur at a higher 
frequency in genes from Drosophila and GC rich mammalian genes but are not used 
preferentially in genes of E coti. Bacillus subtilis, Saccharomyces cerevisiae and 
Schizosaccharomyces pombe [37], 

Expression of C soroldniana NADP-GDH antigen in E coli. 

A translational fusion of the 5' end of a modified E. coli lac gene with the long ORF of 
C soroldniana NADP-GDH cDNA done pGDc23 was created by subcloning the cDNA 
insert mto pBluescript SK' (pBS-GDc23; Fig. 3). E. coli strain JM109, carrying this 
construct, accumulated antigen which was recognized by antibodies raised to purified C 
soroldniana NADP-GDH (Fig. 3). A low level of transcription was initiated at the /ac 
promoter m the absence of inducer, and the A-galactosidase-GDH fusion protein could 
be.detected under these conditions (Fig. 3, lane 2). The addition of 5 mM IPTG • 
resulted m approximately two-fold increase in the concentration of the fusion protein in 
the ceU (Fig. 3, lane 3). The cDNA insert in pBS-GDc23 is 87% of the fuU length 
NADP-GDH mRNA (and encodes a protein of 440 amino acids with a molecular weight 
of 51,059). Therefore, this truncated subunit along with its 39 amino acid extension of ^- 
galactosidase is much larger than the E. coli NADP-GDH subunit (M^ = 46,000). 

Number of C. soroldniana NADP-GDH mRNA species 

To determine whether NADP-GDH mRNAs of different sizes accumulate in C 
sorokiniana cells in which the a- and /3-subunits are being simultaneously induced in 29 
mM ammonium medium, total RNA was extracted from cells harvested at intervals 
dunng a 240 min induction period and analyzed by Northern blot analysis. The 
restnction-fragment hybridization probes were prepared from the highly conserved region 
(i.e 242 bp; see Fig. lA) and from the 3 ' -untranslated (non-coding) region (i.e., 378 bp, 
see Fig. lA). The rationale behind the use of these two different probes, which originate 
from the same cDNA, is that genes which belong to multigene families are observed 
[11,14] to be very similar in their amino acid coding regions but tend to diverge rapidly 
in the sequences which encode the 5'- and 3 '-untranslated regions of their mRNAs. 
irA'D^T^i^^^*^^" conserved-region probe was anticipated to hybridize" to all - 
NADP-GDH mRNA species (since they would have the conserved region in common) 
whereas the 3 '-untranslated region probe would be predicted to hybridize only to its 
umque NADP-GDH mRNA. The autoradiograms of the Northern blots which were 
analyzed with these two probes is shown in Fig. 4. Both probes hybridized to a single 
size (2.2 kb) NADP-GDH mRNA (Fig. 4. panels B,D). Furthermore, the same chSges 
in abundance of NADP-GDH mRNA were observed with the two probes (Fig. 4, panels 
b.D) and no additional bands were detected following longer exposures of these 
Northern blots (Fig. 4, panel C). These results are consistent with there being only a 
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single species of NADP-GDH mRNA. However, the possibility that two NADP-GDH . 
mRNAs exist of nearly identical size with coordinate kinetics of induction could not be 
excluded by these analyses. 

Comparison of induction patterns of total NADP-GDH mRNA and catalytic activity 

NADP-GDH mRNA was first deterted 20 min after addition of ammonium to the cells 
(Fig. 4, panel C). Its concentration then increased rapidly (approximately sixteen-fold) to 
a maximum between 60 and 80 min (Fig, 4, panel B; Fig. 5A). After this rapid increase, 
the concentration of NADP-GDH mRNA deaeased sharply to a minimum between 100 
and 140 min and then increased once again but more slowly (Fig. 4, panel B; Fig. 5A). 
The same changes in NADP-GDH mRNA concentration were observed in two separate 
preparations of poly(A)*RNA from cells harvested in this experiment, and also when 
total cellular RNA (containing 1 /ig of poly(A)*RNA per lane as determined by the ^H- 
poly(U) binding assay) was Northern blotted (Fig. 4, panel A). Because 1 ng of 
poly(A)*RNA was electrophoresed in each lane, the Northern blots reflect changes -in 
relative ^specific-levels of NADP-GDH mRNA within a constant amount of total cellular 
poly(A)*RNA. Therefore, these data are presented in a manner analogous to expressing 
concentrations of en^roes in cell extracts on a specific activity basis (e.g., mUnits 
enzyme/mg total cellular protein). Although a constant amount of total cellular 
poly(A)*RNA was electrophoresed in each of the sample wells for Northern blot 
preparation, the actual level of total poly(A)''RNA per nil of culture increased 2.8-fold in 
essentially a linear manner over the 240 min induction time-course (Fig. 5A). From the 
pattern of accumulation of total cellular poly(A)*RNA per ml of culmre and the relative 
specific-level of NADP-GDH mRNA within the total poly(A)*RNA, the relative level of 
NADP-GDH" mRNA per ml of culture was calculated and compared with the pattern of 
accumulation of NADP-GDH catalytic activity per ml of culture during the induction 
period (Fig, 5B). Even when expressed on this basis, it is evident that a net loss in 
NADP-GDH mRNA occurred between 80 and 100 min, indicating that both mRNA 
synthesis and degradation regulate the cellular level of this mRNA (Fig, 5B). There is 
increasing evidence that changes in rate of mRNA degradation rather than rate of gene 
transcription can regulate the levels of specific mRNAs in eukaryotic cells [23,34]. 
Therefore, it will be important to determine in future studies whether changes in rate of 
gene transcription or mRNA degradation are primarily responsible for the rapid 
fluctuation in NADP-GDH mRNA concentration during the first 120 min of the 
induction period in 29 mM ammonium. 

The patterns of induction of unstable enzymes are predicted to parallel the patterns of 
accumulation of their mRNAs [36], Although the accumulation patterns of NADP-GDH 
catalytic activity and mRNA per ml of culmre tended to parallel each other between 0 
and 40 min and also between 100 and 240 min, the sharp oscillation in NADP-GDH 
mRNA concentration between 40 and 100 min only resulted in small to moderate 
changes in the rate of accumulation of NADP-GDH catalytic activity during this same 
time period. This discrepancy between the two patterns suggests that some type of 
mRNA translational control [6,18] and/or enzyme covalent-modification/tumover [2] is 
preventing expression of the total hybridizable NADP-GDH mRNA as the accumulation 
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of a proportional amount of total NADP-GDH activity. The addition of the 
aforementioned findings, to the previously published model [2] for NADP-GDH 
regulation, indicate that a complex interplay of regulatory processes controls the 
ammonium-induced levels/activities of the two NADP-GDH isoenzymes in the 
chloroplast of C sorokimana. 



Conclusions 



Several lines of evidence support the inference that the cDNA clones described herein 
encode a C sorokmiana NADP-GDH. These cDNAs hybridize strongly to the gdhA 
gene of 5. typhimurium and have high sequence identity to both prokaryotic and 
eukaryotic NADP-GDH genes (Fig. 2). When expressed in E. coli from the lac 
promoter, the cells accumulate an antigen recognized by antibodies against the C 
sorokmiana NADP-GDH (Fig. 3). 

No differences were detected among the 17 NADP-GDH clones that were analyzed 
(Fig^ 1). Moreover, only one NADP-GDH mRNA size was detected on Northern blots 
probed with restnction fragments derived from the highly conserved region or the 3'- 
untranslated region of the longest cDNA (Fig. 4). These latter observations are 
consistent with the hypothesis that the a- and /3-subunits are encoded by a single mRNA 
species traiiscribed from the single NADP-GDH gene [7]. There remains the possibility, 
however, that more than one mRNA species might be produced as a result of differential 
spUang of Its large precursor-mRNA. Small differences such as the omission of one of 
the smaller exons [7] or differences in the region upstream of the majority of the cDNAs 
possibly could have gone undetected in this smdy. 

The NADP-GDH cDNA presented in -this paper represents the first GDH sequence 
from the plant kingdom Preliminary experiments indicate that the gene may represent a 
Cn^ ^'^I'uVl" 'f^'''''' °^ NADP-GDH genes from certain higher pi Jts (J.M. 
cock and R.R. Schmidt, unpublished data). TTie cloning of this cDNA will facilitate 
cnaractenzation of the molecular mechanisms regulating expression of the NADP-GDH 
gene in cells cultured under different nitrogen nutritional regimes. In addition, we are 
particularly interested m the a-subunit, whose homohexamer has an unusually low K for 
ammonium (0.02 to 3.5 mM), for use in higher plant biotechnology. ^ ^ 
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Table 1. Codon usage for translation of a 1,572 bp open-reading frame, within a 2,145 bp 
consensus NADP-CDH cDNA, encoding approximately 98 percent of a C sorokmiana 
NADP-CDH precursor protein. This table shows the number of times each amino acid 
codon appears in the open-reading frame. 
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Figure Legends 

Fig. 1. Restriction maps of 17 NADP-GDH cDNAs isolated from a C sorofdniana 
cDNA library prepared from total poly(A)*RNA extracted from cells induced for 80 min 
in 29 mM ammonium medium. Panel A, 2,145 bp consensus NADP-GDH cDNA 
restriction map. The heavy and light black-lines are the amino add coding-region and 
the 3 ' -untranslated region, respectively. The regions corresponding to the conserved 
region probe (242 bp Pstl fragment) and the 3 '-untranslated region probe (378 bp 
Narl/Smal fragment) are indicated. Panel B, the cDNA clones pGDc2, 3, 6, 7, 10, and 
23 were isolated usmg a heterologous 1.2 kb probe from the gdhA gene from S. 
thyphimurium. Both strands of pGDc23 (1.91 kb) have been sequenced as indicated by 
the arrows. pGDc23 has a poIy(A)tail of 70 nucleotides which is included in the length 
of the consensus cDNA restriction map. Panel C, the cDNA clones, pGDc30, 31, 32, 33, 
34, 35, 36, 38, 39, 42 and 44 were isolated using a homologous 115 bp Pstl fragment from 
near the 5 '-end (overlapping into conserved region) of pGDc23. 

Fig. 2. Nucleotide sequence of the consensus C. sorokiniana NADP-GDH cDNA derived 
from the 17 cDNAs described m Fig. 1. Beginning v/ith the first nucleotide from the 5'- 
terminus of this consensus cDNA, an ORF was identified that encodes a 57,401 Da 
polypeptide (524 amino acids) which is 98% of the molecular weight of the NADP-GDH 
precursor protein(s) (58,500 Da). The deduced amino acid sequence of this polypeptide 
(Cs) is compared with those of the il coli (Ec) jand M: crassa (Nc) RADP-GDHs. Their 
percent identities were calculated over the entire length of each NADP-GDH which 
overlapped with the C sorokiniana polypeptide and also for the strongly conserved 
region (i.e., between the arrows) identified by Mattaj et al. [24]. 

Fig. 3. Expression of a C. sorokiniana NADP-GDH cDNA in E. coli. The pGDc23 
insert was fused in-frame to a portion of the lac z gene in the pBluescript SK" vector 
which directed the synthesis of a fusion protein composed of 39 residues of the 
galactosidase followed by 440 residues of the C sorokiniana NADP-GDH as shown 
below: 



39 Amino Acids 440 Amino Acids 

H GGRNSRQ V 

[ATG GGC TGC AGG AAT Tj CCIFCGC CAG GH TAA] 

'EcoRI Stop 
linker codon 
pBS-SK polyl inker NADP-GDH cDNA 



The Western blot was prepared after SDS-PAGE and probed with C. sorokiniana anti- 
NADP-GDH IgG. Lane 1, cell extract from E. coli strain JM109; Lane 2, cell extraa 
from the bacterium carrying the plasmid, pBS-GDc23; Lane 3, cell extract from the 
bacterium carrying pBS-GDc23 after the addition of 5 mM IPTG to the culture; Lane 4, 
protein molecular-weight standards; Lane 5, ceU extract from C sorokiniana containing 
the NADP-GDH a-subunit. 
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Fig. 4. Northern blot analysis of total cellular RNA and total poly(A)*RNA to estimate 
the number and size of mRNAs encoding the NADP-GDH o- and /3-isoenzymes in C 
sorokiniana cells induced in 29 mM ammonium medium for 240 min. A, Total cellular 
RNA hybridized to the 242 bp probe from the highly conserved region probe in the 1.91 
kb cDNA (see Fig. lA). B. Total poly(A)*RNA hybridized to the 242 bp conserved 
region probe. C, Same as panel B except the autoradiogram was exposed for a longer 
time to show presence of mRNA by 20 min into the induction period. D, Total 
poly(A)*RNA hybridized to the 378 bp probe from the non-coding region in the 1.91 kb 
cDNA (see Fig. lA). A constant amount of poly(A)*RNA from each of the harvest 
times was loaded onto the gels. 

Fig. 5. The patterns of accumulation of NADP-GDH mRNA total poly(A)*RNA, and 
NADP-GDH catalytic activity in C sorokiniana cells induced in 29 rnM ammonium 
medium for 240 min. A (•) specific level of NADP-GDH mRNA (% of poly(A*)RNA); 
(A) relative level poly(A)*RNA per ml. B, (•) relative level NADP-GDH mRNA per ml; 
0) NADP-GDH catalytic activity per ml. The mRNA levels were obtained by scanning 
the 2.2 kb bands in Panel B of the Northern blot in Fig. 4 with a laser densitometer. 
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TGCAGACCCCCCTCGTCGCCAAGCCTATCGTGGCCGCCCGGCCTCCGCACCCCCGCGCTGCCTCCCCCCGTGGCCTGCGCGCGTCGTCGC 90 
CsCGPPSSPSLSVPPGLRSPALPRAVACARGR 

TCCGCCAAGCGCGATGTCGCCCCCAAGCGTCTGAGGAGCAGATCTCCCCGGATCGACCCCACCACCCGCCWCTTCACGGCGCTGCAG^ 180 
SAICRDVAAKRLRSRSPRHDATTGOFTALQ): 

GCGGTGAAGCAGATGGCCACCAAGGCGGGCACTGAGGGCCTGGTGCACGGCATCAAGAACCCCGAGCTGCGCCAGCTGCTGACCGAGATC 270 
CsAVICQMATICAGTEGLVHGIKMPEtRQLLTEI 
^ NDQTYSL.SFLNHVQIC 
Rc S 

TTCATGAAGGACCCGGAGCAGCACGAGTTCATCCAGGCGGTGCGCGAGGTGGCCGTCTCCCTGCACCCCGTGTTCGAGAAGCGCCCCGAG 360 
FHICDPEQQEFMQAVREVAVSLQPVFEICR PE 
R N P N Q T.E F A Q.A VREVMTTLUPFLEQNPICYR 
NLPSEPEFE QlA YKELAYTLENSSL.Q.H.. 

CTGCTGCCCATCTTCAAGCAGATCGTTGAGCCTGAGCGCGTGATCACCTTCCGCGTGTCCTGCCTGGACGACGCCGGCAACCTGCAGGTC 450 
LLP! FKQIVEPERVITFRVSWLDDAGNLQV 

QMSLLERL Q..,V.V..RNQI.. 

YRTALTVASI Q...V.E..N..V.. 

AACCGCGGCTTCCGCGTGCAGTACTCGTCCGCCATCGGCCCCTACAAGGGCGGCCTGCGCTTCCACCCCTCCGTGAACCTGTCCATCATG 540 
NRGFRVQYSSAIGPYKGGLRFHPSVNLSIH 

• aAW* • • Fa • • • aMa* • • • s'L 

• ..Y...FM..t L L 

AAGTTCCTTGCCTTTGAGCAGATCTTCAAGAACAGCCTGACCACCCTGCCCATGGGCGGCGGCAAGGGCGGCTCCGACTTCGACCCCAAG 630 
KFLAFEQIFiCNSLTTLPM G'G GICGGSDFDPIC 

• ••G»* aTasaAaa************'**** 

...G A..G.S A 

GGCAAGAGCGACGCGGAGGTGATGCGCTTCTGCCAGTCCTTCATGACCGAGCTGCAGCGCCACATCAGCTACGTGCAGGACGTGCCCGCC 720 
GICSDAEVHRFCQSFHTELQRHISYVQDVPA 

• a a EG. . ..Q. . .ALa .Y. .LGADT. • 
I R1. ..CA..A..Hk:..GADT.... 

ggcgacatcggcgtgggcgcgcgcgagattggctaccttttcggccagtacaagcgcatcaccaagaactacacccgcgtgctgacccgc 810 
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CCTGCAATTCCACCCCAAGAAGAAC7AGCCGCACTTGACTCCATCAGGACGGCTATTTTTTTCGCCACGCCCGCTCACCCCGAGAGCCTC 1800 
TCTCCCCCGAGCCCTAAGCGCTGACGTCCGCCCGACTTTGCCTCGCACATCGCTCGGTTTTGACCCCCTCCAGTCTACCCACCCTGTTGT 1890 
GAAGCCTACCAGCTCAATTGCCTTT7AGTGTATGTGCGCCCCCTCCTCCCCCCCAATTTTCCTGCCATGAGACGTGCCCTTCCTAGCCTG 1980 
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Abstract ^ 

A probe derived from the highly conserved region of a Chlorella sorokiniana NADP- 
specific glutamate dehydrogenase G^ADP-GDH) cDNA was used to select eight NADP- 
GDH clones from a C soroldniana genomic DNA library. Restriction maps of the four 
longest overiapping genomic clones showed them to span a 21.9 kb region- Almost 10 kb 
of this region were sequenced and shown to contain the complete 2145 bp consensus 
sequence which encodes 98% of the 58,500 Da precursor-protein(s) from which the 
NADP-GDH a- and j3-subunits are processed. The consensus sequence is distributed 
among 22 exons, ranging in size from 18 bp to 550 bp, covering 7143 bp. The 21 introns 
in this gene are an unusually large number for an eukaryotic microorganism. To 
determine whether this sequence corresponds to the only NADP-GDH gene in this 
organism. Southern blot analyses were performed on restriction fragments produced by 
digestion of the genomic clones and total cellular genomic DNA with several 
endonucleases. The restriction fragments were hybridized to probes corresponding to 
sequences from the highly conserved and 3 '-untranslated regions in the NADP-GDH • 
consensus cDNA. The rationale was that the former probe should hybridize to any 
NADP-GDH gene whereas the latter probe to only the unique NADP-GDH gene having 
the untranslated region. Although all of the Southern blot data are consistent with C 
sorokiniana having only one NADP-GDH gene, very convincing evidence came from 
Smal digests which produced only a single 6.9 kb fragment-which hybridized strongly 
with both probes. 
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Introduction 

ChloreUa soroJdrdana cells have been shown to have ammonium-indudble NADP-specific 
glutamatc dehydrogenase (NADP-GDH) isoenzymes that are chloroplast-localized ^ 
[3,4,29^0]. Depending upon the nitrogen^nutritional conditions, the total chloroplastic 
NADP-GDH activity can be associated with horaohexamers composed of either a- or ^- 
subunits (55,500 Da or 53,000 Da, respectively) or with a mixture of homo- and 
heterohexamers (i.e., 6a, 5a:l/?, 4a:2^, 3a:3j9, 2a:4^; la:5^. 6/3) [4,29]. 

Although the a- and ^-homohexamers have strikingly different affinities for ammonium 
[4], and their in vivo rates of turnover are very different [3],- they have very similar 
peptide maps [4] and are derived from precursor proteins [4,5,30] of identical size 
(58,500 Da). Antibodies prepared against the ^-homohexamer were shown to 
immunoprecipitate both isoenzymes [3,4,42]. Because these latter properties indicate 
that the a- and ^-subunits have a high degree of sequence homology, Cock et al. [9] 
attempted to determine whether these subunits are encoded by one or two NADP-GDH 
mRNAs, i.e., encoding a single precursor-protein which is differentially processed to yield 
a- or ;3-subunits, or two precursor-proteins of essentially the same size which are 
processed specifically to yield the two types of subunits, respectively. They prepared a 
cDNA libiary from C sorokinicma cells which were simultaneously synthesizing NADP- , 
GDH a- and jS-subunits. Seventeen NADP-GDH cDNAs with identical overlapping 
restriction-maps/nucleotide sequences (0.6 to 1.91 kb) were isolated. No NADP-GDH 
cDNAs with different sequences were isolated. Each cDNA contained a 354 bp 
conserved region [23], with a deduced amino acid sequence, having 77% and 73% 
identity with the corresponding regions in the Escherichia coli [24,38] and Neurospora 
crassa [22] NADP-GDHs, From the 17 cDNAs, a 2145 bp consensus sequence was 
derived which contains an open-reading-frame (ORF) for a 57,401 Da protein which is 
98% of the size of the precursor-protein(s) from which the two subunits are processed. 
The 57,401 Da protein appears to contain part of the chloroplast transit-pep tide and 
sufficient sequence for the a- or /3-subunit, if processing of a single precursor-protein can 
give rise to either type of subunits To determine whether the two subunits are encoded 
by NADP-GDH mRNAs of different size or with different patterns of induced 
accumulation, these workers performed Northern blot analyses on total cellular RNA 
and poly(A)*RNA isolated from cells during a 240 min induction period in which both 
subunits were accumulating. The blots were hybridized separately with cDNA probes 
derived from the conserved region and the 3 ' -untranslated region of the longest (1.91 
kb) NADP-GDH cDNA- The rationale behind the use of the two probes was that the 
amino acid coding regions of closely related genes are observed [11,14] to remain 
relatively stable whereas the 3'- and 5 ' -untranslated regions tend to diverge rapidly. 
Therefore, the former probe was anticipated to hybridize to any NADP-GDH mRNA 
having the highly conserved region and the latter probe was predicted to hybridize only 
to the unique mRNA from which it was derived. Using either probe, the same pattern 
of accumulation of a single-size (2.2 kb) mRNA was seen throughout the induction 
period. These observations were taken as evidence that the a- and ^-subunits are 
encoded by a single mRNA. 

The purpose of the research described in this paper was to isolate and sequence the 
gene corresponding to the NAD.P-GDH consensus cDNA sequence described by Cock et 
aL. [9], and to perform Southern Blot analyses with the highly conserved and 3'- 
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untranslated region probes to determine whether the C sorofdniana genome contains 
multiple NADP-GDH genes. The data presented herein are consistent with this 
organism possessing only a single NADP-GDH gene having high homology with the 
conserved region probe. 
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Materials and methods 

Preparation and screening ofaC soToidmam. genomic DNA library 

t 

C soroidruana cells were cultured asynchronously in continuous light in nitrate medium 
which was aerated with 2% COj-air at 38.5 «C as previously described [2937]. The cell 
suspension was harvested, 250 ml aliquots were decanted into 500 ml Erlenmyer flasks, • 
and stored without aeration at a low light intensity (i.e., 40.4 /xEm^s"') at 25 "C until 
extraction of genomic DNA. High molecular weight genomic DNA (approximately 70 
kb) was extracted from the unfrozen cells by the procedure of Cock et al. [10]. These 
workers showed that freezing of the cells before extraction of the DNA results in the 
recovery of lower molecular weight DNA (20 to 30 kb). 

The purified C. sorokiniana DNA was sent to Qontech Laboratories (Palo Alto, CA) 
for custom synthesis of primary and amplified genomic libraries in XEMBL3 as discussed 
earlier [10]. These libraries contained 2.5 x 10^ and 1.5 x 10^° pfu, respectively. 

From the amplified library, 1.8 x 10* pfu were probed in three rounds of screening with 
a 242 bp Pstl fragment from the highly conserved coding-region of the C. sorokiniana 
NADP-GDH cDNA clone, pGDc23 [9]. After digestion of pGDc23 with Pstl the 242 bp 
fragment was separated from other fragments by agarose-gel (low melting point agarose, 
Bethesda Research Laboratories) electrophoresis, and then recovered from the gel by 
elearoelution. A radiolabelled probe (1.8 x lO' cpm/1.5 ng) was synthesized from this 
fragment by use of random hexamer primers (Pharmacia) as previously described [9,12]. 

After the third screening, the phage, carrying putative NADP-GDH genomic-DNA 
inserts, were replicated in top-agar plate culmres and recovered by immunoadsorption 
using LambdaSorb (Promega). The DNA was extracted from these phage and their 
insert DNAs were released by Sa/I digestion. These Sail fragments were subcloned into 
San digested pUC18 and transformed into E. coli JM109 [15,41]. These subclones were 
designated the pGDg series. 

Sequencing of NADP-GDH genomic DNA clones 

Four of the longest NADP-GDH genomic clones, pGDg 8.4.4, pGDg 14.10.1, pGDg 
14.4.1, and pGDg 15.2.1, were analyzed by restriction mapping. Restriction fragments 
and exonuclease Ill/mung bean nuclease deletion fragments from the overiapping clones 
pGDg 8.4.4 and pGDg 14.10.1 were prepared and subcloned into M13 vectors [41] mp 
18/19 for sequencing by the dideoxy method [32] using modified T7 DNA polymerase 
(Sequenase, United States Biochemical Corp.). 

Southern blots . 

Restriction fragments were electrophoresed in 0.8% agarose gels, blotted [34] onto nylon 
membranes [31] (Hybond N, Amersham), and prehybridized for approximately 5 h in 10 
ml of 20% formamide, 0.6 M NaCl, 0.06 M sodium citrate, 0.01 M EDTA, 0.1% SDS, 5 
X Denhardt's solution, 50 Mg/ml sonicated/boiled calf thymus DNA. Hybridization was 
performed at room temperature for approximately 16 h in 5 ml of 50% formamide. 10% 
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dextran sulfate, 1 x Denhardt's solution, 4 x SSC, 0.1 M EDTA, 0.1% SDS, and 25 Mg/ml 
of sonicated/boiled calf thymus DNA to which the denatured radiolabelled cDNA probe 
was added. When restriction fragments were used as hybridization probes, they were all 
derived from the C sorokimana NADP-GDH cDNA clone, pGDc23 [9]. The entire 
pGDc7 cDNA [9] was also used as a hybridization probe. R-obes were radiolabelled as 
described above for screening the genomic library. The membranes were washed three 
times for 20 min at high stringency conditions (0.1 x SSC, 0.1% SDS, 65 "C). 
Autoradiography was performed at -70 »C with Kodak X-Omat AR film. 
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Results and discussioii 

Restriction maps ofC. sorokiniana NADP-GDH genomic clones 

The C sorokimana genomic library in XEMBL3 was screened with a 242 bi i^-bridization 
probe derived from the 354 bp highly conserved region [23] of the C soroia=i=rui 1.91 kb 
NADP-GDH cDNA, pGDc23 [9]. As reported earlier [9], the conserved ns:s of 
pGDc23 has high identity with the corresponding regions in both barterial =ic fungal 
NADP-GDH genes. From the genomic-libraiy screening, eight putative Ni3?-GDH 
clones were isolated. Compairison of the restriction maps of these clones sir<vi^d them 
to be derived from the same region of the C sorokiniana genome. Restricior. maps' of 
the four longest overlapping genomic DNA inserts (i.e., pGDg 14.10.1, 8.4.^ :-.4.1, and 
15.2.1) are aligned in Fig. 1. Together they encompass a 21.9 kb region of±is genome. 

C sorokiniana total genomic DNA aiid the aforementioned four putative y_OP-GDH 
genomic clones in EMBL3 were digested separately with PvuH. The resulini restriction 
fragments derived from the five DNA preparations were subjected to Soutism blot 
analysis using pGDc7 as the hybridization probe (Fig. 2A,B). This 1347 br K^-DP-GDH 
cDNA is identical to pGDc23 except that it is missing the poly(A)tail and ieis: of the 
3 '-untranslated region. Under low and high stringency conditions, this cDFA probe was 
observed to hybridize to the same size restriction fragments in digests of tiE iDial C 
sorokiniana genomic DNA and of the longest NADP-GDH genomic clones. p3Dg 
14.10.1 and 14.4.1 (Fig. 2A,B). However, the digests of the two shorter cloirs, pGDg 
8.4.4 and 152.1, each yielded only a single hybridizing fragment, indicating iia: 'Jiese 
clones are missing , a portion of the NADP-GDH gene. 

Sequence of a C. sorokiniana NADP-GDH gene and identification of exons/inros 

A 9872 bp region of genomic DNA was sequenced in both directions from i^^erlapping 
regions of pGDc 14.10.1 and 8.4.4 (Fig. 1). When this sequence was comps^z with the 
C sorokiniana 2145 bp consensus NADP-GDH cDNA sequence, derived f rr— ±e 
sequences of 17 NADP-GDH cDNA clones [9], the position of an approxim=:i£y 7-8 kb 
NADP-GDH gene containing at least 22 exons was revealed (Fig. 3). The in this 
gene exhibit a range of lengths from 18 bp to a large exon of 550 bp at the 3 •• end. Tne 
18 bp exon is smaller than the smallest exons identified in higher plant gees ~-5]. 
However, smaller exons (i.e., 17 bp) have been observed in vertebrate [2] js^iei. 
Although the entire NADP-GDH consensus cDNA sequence can be accomsi for v,ithin 
the 22 exons of this NADP-GDH gene, the consensus sequence represents nniv 97.5% of 
the full-length NADP-GDH mRNA [9] (i.e., 2145 bp versus 2220 bp, respeir^'fly). Tne 
remaining approximately 55 bp of unidentified sequence, corresponding lo±£t : 
terminus of the full-length cDNA, may prove to be part of the first exon (P.z.. 3) or it 
possibly may be associated with new upstream exons. Therefore, we are unssrriin about 
the actual size of the first exon which is tentatively indicated as being 17 bi in Fig. 3. As 
shown, the first 5 bp of this exon has the sequence TGCAG. Although thi: ser^ence is 
at the 5 '-terminus of the consensus cDNA, it is also the sequence found a.rmt 3 '-splice 
sites; of introns in this gene. Thus, the acmal size of the exon could be 12 ir.. 
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Alternatively, because there is another TGCAG sequence located 298 bp upstream of 
the one in question, the latter one could be the 5 '-splice site of the twenty-third exon 
and the former one could be a continuation of the sequence of a larger exon. 

The examination of the sequence upstream of the first exon has not resulted in the 
identification of putative eukaryotic promoter elements. These elements may prove to 
be positioned upstream of the region that has been sequenced. For example, the quail 
skeletal muscle troponin I gene has its TATA box located approximately 2 kb upstream 
from the exon encoding the ATG start-codon [2]. Of the approximately 10 kb that we 
have sequenced, only 1315 bp remains upstream from the first exon (Fig. 3) and the exon 
which contains the ATG start-codon has not been located yet. 

Because most genes of lower eukaryotes contain very few introns, the 21 introns that 
have been identified so far in this NADP-GDH gene represent an unusually high number 
for a lower eukaryotic microorganism. For example, the majority of Saccharomyces 
genes [13,21,43] and 18% of fungal genes in general [17] are intronless. Those lower 
eukaryotic genes which do contain introns usually contain only one or two on the average 
[18]. 

The introns identified in the NADP-GDH gene are between 131 and 402 bp, with a 
mean-length of 241 bp. This mean length is similar to that calculated (i.e., 249 bp) in a 
survey of higher plant introns [17]. The introns of fungal, insect, and vertebrate genes 
tend to be shorter than those of plant genes [17]. In C. sorokiniana gene, we have 

C A TC 

derived a consensus AG | GTG GG sequence of the 5 ' -intron splice using the 

A C CG 

criteria suggested by Cavener [8]. This consensus closely matches the general consensus, 
GAG I GTAAGT [18], seen in animals and higher plants, apart from the predominance 
of G at position +3. Three of the 21 5 '-splice sites which have been identified in this 
NADP-GDH gene contain C at position +2 and hence do not conform with the GT-AG 
rule of Breathnach and Chambon [6]. Only 19 out of 3294 introns examined in a survey 
by Jacob and Gallinaro [18] were found not to contain a T at position +2 of the 5' 
splice site, and the only plant gene which has been identified to contain a substitution of 
this kind is the nodulin-24 gene of soybean [20]. 

Twenty NADP-GDH gene introns have a pyrimidine-rich stretch, as defined by Hanley 
and Schuler [16], between -3 and -20 upstream of the 3' splice site. Introns in animal 
genes commonly contain a series of pyrimidines in this region [26]. Although many 
introns in plant genes contain this pyrimidine rich region, particularly introns of 
monocotyledonous plants, the introns in plant genes are in general more variable than 
those of animals with respect to this pyrimidine-rich region [16]. We have derived a 

TTTTTTT TT 

consensus sequence of C CcCtt C GCAG/ for the 3' intron splice site of the 

C sorokiniana NADP-GDH gene. The strong preference (i.e., 19 out of 21 introns) for 
G at position -4 is typical of plant introns [7] whereas manraialian introns show no 
preference for any nucleotide at this position. 

The putative TAA stop-codon for the C. sorokiniana NADP-GDH consensus cDNA- 
sequence [9] resides in the last exon along with the entire 3 '-untranslated region (Fig. 
3). The region immediately downstream of this stop codon was compared with the 
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consensus sequence derived for this region in plant genes [19]. The C sorokmiana 
sequence contains the conserved G and T at + 1 and +3, respectively, but lacks the AT- 
rich region immediately downstream. The AATAAA sequence which acts as a 
polyadenylation signal in the majority of animal and viral genes [28] is not present in the 
vicinity of the genomic sequence corresponding to the polyadenylation site (Fig. 3) in the 
C. sorokmiana NADP-GDH consensus cDNA. Although the NADP-GDH gene lacks the 
AATAAA signal sequence, Sauer and Tanner [33] have shpwn that the cDNA encoding 
the ir/hexose cotransporter of C kessleri contains this sequence beginning 342 bp from 
the polyadenylation site. The closest match to this sequence in the C sorokmiana 
NADP-GDH gene is TGTAAA which begins 17 bp upstream of the polyadenylation site; 
however, this latter sequence lacks the conserved nucleotides immediately downstream 
which were identified in a survey oi higher plant polyadenylation signals [19]. Moreover, 
because the majority of higher plant genes lack the AATAAA motif [19], the absence of 
this particular polyadenylation signal in the C sorokiniana NADP-GDH gene should not 
be considered as unusual. 

Evidence for a single species of NADP-GDH gene in C. sorokiniana 

To determine how many different NADP-GDH genes might be encoded in the C 
sorokiniana genome, the genomic DNA was digested with several endonucleases and the 
resulting restriction fragments were subjected to Southern blot -analysis using cDNA 
probes which hybridize to the highly conserved and 3 '-untranslated regions of pGDc23 
[9]. Cock et al. [10] showed that C sorokiniana genomic DNA is highly methylated (i.e., 
5.1 mol % 5-methylcytosine) and is resistant to digestion by many endonucleases. Of the 
20 endonucleases that these workers tested. Avail, Pstl, PvuU, and Taql digested high 
molecular weight C. sorokiniana more completely than the others. Therefore, with the 
realization that even certain of these four endonucleases (e.g. Avail) might be inhibited 
by 5-methylcytosine in their restriction sites, all four were selerted for use in the 
Southern blot analyses. The 242 bp highly conserved region probe was predicted to 
hybridize to restriction fragments containing this region from any species of the NADP- 
GDH gene in the C sorokiniana genome. In contrast, because even closely related 
genes, which have high homologies among their amino acid coding regions, appear to 
diverge rapidly in their untranslated regions [11,14], the 378 bp 3 ' -untranslated region 
probe was anticipated to detect restriction fragments derived from only the unique 
NADP-GDH gene encoding this untranslated region. 

When the Southern blots were hybridized separately with each probe and then washed 
under stringent conditions, the 3 '-untranslated region probe detected only a single 
hybridizing band in the genomic DNA digests with each of the four endonucleases (Fig. 
4A). The conserved-region probe also hybridized strongly to a single restriction fragment 
in each of the digests; however, in some of the digests, one or two weakly hybridizing 
bands were also visible (Fig. 4B). From the region of genomic DNA that has been - 
sequenced, it was possible to generate restriction maps for each of the four 
endonucleases and to predict the number and size of restriction fragments that should 
hybridize to the two probes (Fig. 5). A comparison of the number and size of the 
predicted hybridizing-fragments (Fig. 5), with those actually observed in the Southern 
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blot analyses (Fig. 4A,B), showed that in some cases more fragments were observed than 
predicted. The extra restriction-fragments, which hybridized with the conserved region 
probe, appear to result in part from the entire 354 bp conserved region in the NADP- 
GDH cDNA being split into six exons within the gene (encompassing a 2.09 kb length of 
genomic DNA; Fig. 3) with restriction sites for certain of the four endonucleases residing 
between some of these exons. The 242 bp conserved-region probe is predicted to 
hybridize to all or parts of five of the six exons, spaiming a 1390 bp region of genomic 
DNA (Fig. 5). In contrast, the entire 3 '-untranslated region resides within a single exon; 
therefore, the 3 ' -untranslated region probe is predicted to hybridize to only a 378 bp 
region in the genomic DNA (Fig, 5). 

With the exception of fVuII, the other endonucleases were predicted to yield multiple 
restriction fragments which should hybridize with the conserved region probe. However, 
the Fmll digest produced two hybridizing fragments: a strongly hybridizing fragment 
with the predicted size of 2736 bp and a weakly hybridizing fragment of approximately 
3.5 kb. This latter hybridizing fragments (3477 bp) is one of several fragments that 
would be predicted to transiently accumulate as the FvuII digestion of this region of the 
genomic DNA proceeds towards completion (Fig. 5). The ?st\ digestion yielded a 

^ strongly hybridizing fragment of approximately 1100 bp with the conserved region probe. 

* This fragment size was predicted along with smaller fragments of 342 bp and 576 bp. 
Overexposure of the autoradiogram (not shown) revealed the presence of these smaller 
fragments in both the Pstl and PvuVi-:Pst\ digest. The weakly hybridizing 2 kb fragment 
appears to be one of the predicted intermediates during Fzt\ digestion. The absence of 
this 2 kb fragment by the end of the digestion with both fVuII and P^t\ further supports 
the conclusion that this fragment is a partial digestion product. The Taqi digestion 
yielded the predicted, 1.159-bp and 590 bp hybridizing fragments with the conserved- 
region probe. Whereas digestion with ^IvcII was predirted to produce 1330 bp and 554 
bp hybridizing fragments, the actual hybridization pattern showed a strong band at 
approximately 2.2 kb and weak bands at approximately 1.3 kb and \5 kb. Although 
2211 bp and 1456 bp hybridizing fragments are predicted to be transient products, and 
the 1330 bp fragment an end-product, the largest fragment was actually the predominant 
product. The slowness by which certain A\>aYL restriction sites were cleaved may be due 
to the presence of 5-methylcytosine in these sites. 

The number and sizes of the /VwII, Pstl, and Taq\. restriction fragments, which were 
observed (Fig. 4A) to hybridize with the 3 ' -untranslated region probe, were essentially 
identical to those which were predicted in Fig. 5. However, the sizes of the predicted 
and observed ^vall restriction fragments were not in agreement (i.e., 1059 bp versus - 
1.7 kb). If 5-methylcytosine within the pair of closely situated AvaYL sites located at the 
3 '-terminus of the 1059 bp predicted fragment (Fig. 5) prevented cutting at these sites, 
the next y4 veil cleavage-site downstream would generate a 1776 bp fragment. This latter 
fragment is essentially the size of the one detected on the Southern blot (Fig. 4A). It is 
interesting to note that the closely simated pair oiAvaW sites at the 5 '-terminus of the 
prediaed 1330 bp conserved-region hybridizing fragment also appears to be partially 
resistant to cleavage. Thus, although the observed patterns of hybridization of the 
restriction fragments with the two probes varied in some cases from the patterns 
predicted for complete digestion at restriction cleavage sites (identified by gene sequence 
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analysis), we have been able to provide a reasonable accounting for the discrepancies 
from the predicted patterns. Taken collectively, the aforementioned results are 
consistent with this organism containing a single species of NADP-GDH gene. 
Moreover, the observation (Fig. 2) that FvuVl digests of the total C sorofdniana genomic 
DNA and of the longest NADP-GDH genomic clones (i.e., pGDg 14.10.1 and pGDg 
8.4.4) gave essentially the same pattern of hybridization with the 13 kb NADP-GDH 
cDNA, pGDc 7, can be taken as additional evidence that this organism contains a single 
expressed NADP-GDH gene. 

As discussed above, interpretation of the Southern blot data (Fig. 4A,B), obtained with 
the two probes, was complicated by the presence of multiple restriction sites between the 
exons and also by uncomplete digestion at some of these sites. To circumvent this type 
of problem, the genomic DNA was digested with Smal which does not cleave within the 
regions where the two probes hybridize. Because there are no Smal sites between the 
conserved region and the 3 '-untranslated region, cleavage of the genomic DNA with 
Smal was predicted to produce a 6858 bp restriction fragment which should hybridize to 
both probes. Moreover, if there is only a single species of NADP-GDH gene in this 
organism, the 6958 bp fragment should be the only Smal restriction fragment which 
hybridizes with the conserved region probe. The Smal sites are positioned on the 
restriction maps of the four clones in Fig. 1. Those Smal sites which arb predicted to 
produce the 6958 bp fragment correspond to positions 1549 bp and 8407 bp in the ' 
sequenced region of the genomic DNA shown m Fig. 5. 

In Fig. 6, a 6.9 kb restriction fragment which hybridizes strongly with both probes was 
indeed observed in the Smal digest of genomic DNA. A Taql genomic digest was 
performed as a control and the conserved-region and 3 ' -untranslated region probes 
detected the predicted number and size of hybridizing fragments (i.e., 1159 bp and 590 
bp; and 1332 bp, respectively). A very large (> 23.1 kb) Smal restriction fragment was 
detected which hybridized very weakly with the conserved-region probe and not at all 
with the other probe (Fig. 6). The weakly hybridizing fragment actually elearophoresed 
only a shon distance beyond the position of undigested genomic DNA in the gel (Fig. 6). 
It should be noted that, in a separate gel (not shown), the undigested genomic DNA was 
shown to hybndize strongly with the conserved region probe before Smal digestion. 
However, no hybridization was detected at its original position in the gel after dieestion 
with Smal. * 

Inasmuch as the conserved regions of NADP-GDH genes from bacteria [24.38], fungi 
[22], and Chlorella have high sequence homology and the a- and ^-subunits of the C • 
soroJdniana were shown [4] by peptide mapping to have very high sequence homology it 
seems doubtful that the large weakly hybridizing Smal fragment is derived from a 
NADP-GDH gene encoding the a- or /?-subunits. Since the NADP-GDH conserved 
region has been proposed [1,40] to encode a protein-domain involved in the binding of 
dicarboxyhc acids (e.g., glutamate), certain enzymes (e.g., mitochondrial NAD-GDH [25] 
glutamme synthetase [14,35], transaminases, etc.) which also use dicarboxylic acid 
substrates may have enough sequence homology to bind the NADP-GDH conserved 
region probe very weakly. 
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Condiisions 

We have accounted for the entire 2^145 bp consensus nucleotide sequence, derived from 
17 NADP-GDH cDNAs by Cock et al. [9], within 22 exons spanning 7143 bp of the C 
sorofdniana genome. The patterns of hybridization of the conserved-region probe and 
the 3 '-untranslated-region probe, obtained by digestion of the C sorokiniana total 
genomic DNA with several restriction endonucleases, are consistent with this organism 
having only a single type of NADP-GDH gene. If there is another C sorokiniana 
NADP-GDH gene that was not detected in the isolation of genomic clones nor in the 
Southern blot analyses, the sequence of its conserved region would have to be very 
different from any described so far for baaeria [24,38] and fungi [22] or the C 
sorokiniana NADP-GDH gene described in this paper. 

The finding of a single type of NADP-GDH gene in this organism might seem to 
provide additional proof for their being only a single mRNA encoding the NADP-GDH 
a- an ^-subunits as proposed by Cock et al. [9]. However, the large size of this gene 
with its many exons provides the possibility that mRNA heterogeneity might be produced 
by alternative splicing [27^9] of a precursor mRNA. An important consideration is that 
some of these exons are very small (i.e., 18 to 54 bp) and correspond to regions in the 
consensus NADP-GD^I cDNA which were not overiapped by all of the cDNAs isolated 
by Cock et al. [9]. For example, of 17 which they isolated and characterized, six of them 
(i.e., pGDc 2,6,10,31,32, and 38) were truncated and terminated between the conserved 
region and the beginning of the 3< -terminus of the 3 '-untranslated region which is 
encoded in a single and the last exon in the NADP-GDH gene described herein. If the 
small 18 bp exon, which resides between these two regions, were to be eliminated by 
alternative splicing of the precursor mRNA, it is doubtful that two mRNAs differing in 
size by only 18 bp could be resolved by the standard electrophoresis/Northern blot 
procedure used in the previous study. Moreover, there are also some small exons that 
encode amino acid sequences that reside immediately upstream from the conserved 
region, and not all of the isolated cDNAs were long enough at their 5 '-termini to 
include these exon sequences. Therefore, although the data in the present paper 
establish reasonably firmly that C sorokiniana has a single species of NADP-GDH gene, 
the complexity of its structure has shown us the importance of examining the sequences 
of a large number of full-length cDNAs before it can be stated with certainty whether 
the a- and ^-subunits are encoded by one or two mRNAs. To answer this question, 
cDNA libraries are currently being prepared from poly(A)*RNA which was extracted 
from cells growing under conditions [4] for induction of only the a- or )9-subunit. Even if 
two mRNAs are formed by alternative splicing, only a very limited number of exons can 
be deleted and still yield two RNAs that will co-electrophoreses as a 2.2 kb band. 
Moreover, the observation by Cock et al [9] that, during the simultaneous induction of 
both types of subunits, the same induction pattern of the 2.2 kb mRNA band was 
obtained, with either the highly conserved region probe or the 3 '-untranslated region 
probe, is consistent with the transcription of a single gene to yield one precursor-mRNA. 
However, as discussed above, additional research is required to establish with certainty 
how this precursor mRNA is processed. 
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Figure Legends 

Fig, 1. Restriction maps and exon domains of C sorokmiana genomic DNA clones, 
pGDg 14.10.1, 8.4.4, 14.4.1, and 15.2.1. The entire coding region of the C sorokmiana 
consensus cDNA described by Cock et al. [9] was used to determine the position of 22 
exons (black boxes) >yhich are interrupted by introns with nuclear consensus splice sites 
at the exon/intron junctions. The heavy black-lines indicated on the restriction maps, for 
pGDg 14.10.1 and 8.4.4, correspond to regions which have been sequenced in both 
direaions. The restriction maps were generated using ^ccl (Ac), Bamm (B), BglU. (Bg), 
£coRI (R), Hindlll (H), Kpnl (K), Smal (Sm), Xbal (Xb), and Xhol (Xh). 

Fig. Z Comparison of the size and number of PvuTl restriction fragments derived from 
C soroldniana genomic DNA and four putative NADP-GDH genomic clones hybridized 
to a C sorokiniana cDNA probe (pGDc7; ref. 9) and washed under low stringency (A) or 
high stringency (B). The low and high stringency washes were: 2 x SSC at room 
temperature and 0.1 x SSC at 65«C, respectively. Lanes 1,2,3,4 and CG contained 
digests from genomic clones (see Fig. 1) 8.4.4, 14.4.1, 14.10.1, and 15.2.1, and total 
genomic DNA, respectively. 

Fig. 3. Nucleotide sequence of a C sorokiniana NADP-GDH gene which contains at 
least 22 exons. The exons span 7143 bp within a 9872 bp region of the genome that was 
sequenced. The entire NADP-GDH consensus cDNA sequence, described by Cock et al 
[9], resides within the 22 exons. The positions of the exons in this figure are identified 
by their corresponding deduced amino acid sequences (universal one-letter amino acid 
code). The highly conserved region identified [9] in the consensus cDNA.is.distributed 
over six exons encompassing 2.09 kb as indicated by the positions of the two arrows. The 
separate arrow head shows the position of the polyadenylation site and the asterisk the 
position of the putative stop codon. The sequence corresponding to the 3 '-untranslated 
region is underlined. 

Fig. 4. Southern blot analysis of restriction fragments obtained by digestion of C 
sorokiniana genomic DNA with^vaH (Av), Pstl (P), PvuU and Pstl (Pv:P), Taql (T), and 
PvuU (Pv). A and B, the blots were hybridized to the 378 bp probe from the 3'- 
untranslated region and to the 242 bp probe from the highly conserved region of the 
NADP-GDH cDNA [9], respectively. The stringency of the washes was 0.1 x SSC at 
65 *C. 

Fig. 5. The predicted number and sizes of restriction fragments produced by digestion of 
the NADP-GDH gene (Fig. 3) with FvuU, Pstl, Taql, or Avail which should hybridize 
with the 242 bp conserved region or the 378 bp 3 '-untranslated region probes [9]. The 
black portion of the fragments shows the region of hybridization within the fragments 
produced by complete digestion of the restriction sites indicated by the arrows. The 
dashed-hnes show the sizes of restriction fragments resulting from incomplete digestion 
or by possible 5 ' -methylcytosine inhibition at certain cleavage sites. 
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Fig. 6. Southern blot analysis of restriction fragments obtained by digestion of the C 
soroldnicma genomic DNA with Smdl or Taql and hybridized with either the 242 bp 
conserved region probe (A) or the 378 bp 3 ' -untranslated region probe (B) and washed 
under high stringency conditions. The arrow shows the position in the gel of undigested 
genomic DNA. 
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GATCACCCCCCTCCAACGCAAGGGCAGCCACAGCCGCTCCCACCCGCCGCTGAACCCACACGTGCTTGCGCGCCTGCCGCCTGCCTCCCG 90 
CATGCTTGTGCTGGTGAGGCTGGCCAGTCCTGCCATGCTGATTGAGGCTTGGTTCATCGGGTGGAAGCTTATGTGTGTCCTGGGCTTGCA 180 
TGCCGGGCAATGCGCATGGTGGCAAGAGGGCGGCAGCACTTGCTGGACGTGCCGCGGTGCCTCCAGGTGGTTCAATCGCGGCAGCCAGAG 270 
GGATTTCAGATGATCGCGCGTACAGGTTGAGCAGCAGTGTCAGCAAACGTAGCAGTTTCCCAGMTGATCGGTTCAGCTGTTAATCAATG 360 
CCAGCAAGAGAAGGGGTCAAGTGCAAACACGGCCATCCCACAGCACGCGCACCGGGGAGTGGAATGGCACCACCAAGTGTGTGCGAGCCA 450 
GCATCCCCGCCTGGCTGTTTCAGCTACAACGGCAGGACTCATCCAACTAACaTAGCTGATCAAaCTGCAATCATCGGCGGCTGATGW 540 
AGCATCCTGCAAGACACAT6CTGTCCGATGCTGCGCTGCTGCCTGCTGCCCACCCCGTTCAGTTCCCAGCAGCTCAGCCATGCACTCGAT 630 
CAGGCTGGGCTGCCACTGCAATGTGGTGGATAGGATGCAAGTGGAGCGAATACCAAACCCTCTGGCTGCTTGCTGGGTTGCATGGCATCG 720 
CACCATCAGCAGGAGCGCATGCGAAGGGACTGGCCCCATGCACCCCATGCCAAACCGGAGCGCACCGAGTGTCCACACTGTCACCAG 810 
CGCAAGCTTTGCAGAACCATGCTCATGGACGCATGTAGCGCTCACGTCCCTTCACCCCGCTCCTCTCGGGTGTCGGAAACGCAATGCAGC 900 
ACAGGCAGCAGAGGCGGCGGCAGCAGAGCGGCGGCAGCAGCGGCGGGGGCCACCCTTCTTGCGGGGTCGCGCCCCAGCCAGCGGTGATGC 990 
GCTGATCnnnCCAAACGAGTTCACATTCATTTGCAGCCTGGAGAAGCGAGGCTGGCGCCTTTGCGCTGGTGCAGCCCGCAATGGAATGCG 1080 
GGACCGCCAGGCTAGCAGCAAAGGCGCCTCCCCTACTCCGCATCGATGTTCCATAGTGCATTGGACTGCATTTGGGTGGGGCGGCCGGCT 1 1 70 
GTTTCTTTCGTGTTGCAAAACGCGCCACGTCAGCAACCTGTCCCGTGCGTCCCCCGTGCCGATGAAATCGTGTGCACGCCGATCAGCTGA 1260 
TTGCCCGGCTCGCGAAGTAGGCGCCCTCCTTTCTGCTCGCCCTCTCTCCGTCCCGCCA TGC AGA CCG CCC TCC TC GTGAGCAG 1343 

C G P P S S 

CGCTTGGGTTGCCTTGCAGCGGTTGTTGCTGGATCGCGCCGCCGGCCGACCGGGGCTGGTTGCACGGCCCGCCGCGCCGCGCACACTGAC 1433 
CGGCGGTCCTGTGCCTCCTCATTGCGACTGCAG G CCA AGC CTA TCG TGG CCG CCC GGC CTG CGC AGC CCC GCG 1506 

PSLSUPPGLRSPA 
CTG CCT CGC GCC GTG GCC TGC GCG CGT G GTAAGCGGCTCGGGTGGGGCCCGGGGATGGCACGCTGGGGTTAGGGTTGCGC 1586 

LPRAVACAR 
GGTGTGCGACGACAACGCCGCTCACGTCCAGCCTCAGCTGCTGGCGCCTCGCTGGCCCGCTGCCATTGCTCATGTCCAAGACAGGATGCT 1676 
GCCTGGGTGATGGGCGGAGCACCAGGGCTGTTGGTGGTGGGCGGCGCGCACGCTGCCGCCGCCGCCAGCCGCCGCGCGCCTGCCTCTCGC 1766 
AGTGGTGTGGCCCATCCTGCCTCCCTCCCAACAACCTCACCGCTCGCCCCGACCCGCAG GT CGC TCC GCC AAG CGC GAT GTC 1848 

GRSAICRDV 
GCC GCC AAG CCT CTCGGTGAGTGCTCTGCGTGCACCGCCAGCCCTGCAAGCACGCCCCCCCCGGCGCCAAACCTCCAACCCCCGCG 1934 

A A K R 

GGGACCCCGCTGCCATGCATGCACCTGCCGGCACCTGCACCGCCTTCGTGCGCGCCGCTCCTGTGCAGCCCTCACCGTCACTGACCAATC 2024 
CAAACACTTTTTCGCCACTGTTCTGCAG CTG AGG AGC AGA TCT CCG CGG ATG GAC GCC ACC ACC GGC GAC TTC 2097 

LRSRSPRMDATTGDF 
ACG GTGCGCCGCCACAGCCGTACTTATGCGCCCTGTTGGACTCGGGCAGCCACTGTACCGCCCCTTCATAGCGCCCGCCCTCCTGCCTG 2186 
T 

ACATGGGCTCAACGCAAGCCATGCCATGCCTTCAAACAGCATGCATTCATCCCTGTCCTGACTCATCAAGATCGCCCTGTGTCTTGACCC 2276 
TGCGCrtJiCCCCGCAACCGCCATCCCGCTTGTTTCCCGACCTGCCCTCTCCCCCCGCCCGCCCTCGTCCTCATGTGCCGCAG GCG CTG 2363 

A L 

CAG AAG GCG GTG AAG CAG ATG GCC ACC AAG GCG GGC ACT GAG GGC CTG GTG CAC GGC ATC AAG AAC 2429 
QKAVICQMATICAGTEGLVHGIICN 
CCC GAG CTG CGC CAG GCAAGTCTTTAGCCTGATTGGAATGGAATGTAAGCCTGCCTTGTGCGCATTCCTTGGGCATCAACAATCC 2514 

P E L R Q 

TGAGCTGCGCCAGGTGAGGAATAACACACCGTTTTTGAGCACTTCTATCGTCCCCACCTGCTGGCGTTGCGGCTCGACCCGGCTGCTTCA 2604 
AGAGCAGCCCCGATGAGAAGAAAGCCCACGTGCGCAGAGTGCCAAACGCTGTCTCCTTCCCCCGCCCTCTCATCCACCACAGCTGCTGAC 2694 
CGAGATCTTCATGAAGGACCCCGTTCAGCAGGAGTTCATGCAGGCTCATCTACATGCATGCGTAACAATAACCTGCCTCTTTCCTCTTCC 2784 
CACCACGCAG CTG CTG ACC GAG ATC TTC ATG AAG GAC CCG GAG CAG CAG GAG TTC ATG CAG GCG GTG CGC 2854 

LLTEI-FMKDPEQQEFHQAVR 
GAG GTG GCC GTC TCC CTG CAG CCC GTG TTC GAG AAG CGC CCC GAG CTG CTG CCC ATC TTC AAG CAG GC 2922 
EVAVSLQPVFEK RPELLPIFICQ 

aagcgcgcctgaggggggcaggggtggtgcagggcgggtcagagggctggttataactaactagggtgcggtggacacgggcgtgcagaa 3012 
gcctggctcatccaccagtgacagcagcatgctgggttggcgagcagcaagacacccattcaccgctcggcgactggcctgactagctgc 3102 
aagtctgctctgtgttattcgccatccgcag atc gtt gagicct gag cgc gtg atc acc ttc cgc gtg tcc tgg 3175 

iveTpervitfrvsu 
ctg gac gac gcc ggc aac ctg cag gtacagcaggcaggctcgcgccttggctggctagtgttcccttgcagagagaagcagc 3257 
lddagniq 

acaccacgcacgcaactcgtccctgcccgccgccatatggcatgcatgcggcatcccgtgcgccgacaattccactgttgtgcactcag 3347 
ttcagcttcattctcatggcccattcattcacttcactgtttgcag gtc aac cgc ggc ttc cgc gtg cag tac tcg tcc 3426 

vnrgfrvqyss 
gcc atc ggc ccc tac aag ggc ggc ctg cgc ttc cac ccc tcc g gtgcgtgcctgcactggctgtgcctgcgctgg 3501 
aigpykggirfhps 

ctgtgcctgcgctggccgtgcctgcaccggctgtgcctggctcagcgggtggggatgtgaggcatgtcggtgcaccaacccgcccggctt 3591 
gctccgacgtctacacctgcaacacggctgcacaatggacagggcagggcggggcaggcacttgcatcggtgcccgcccctccagcatgc 3681 
atgggcgtggcgagctggggccgggccgggcaccaacggagcaacttgcagttcaccctacttttcatctgcccctgtccaatgccgcag 3771 
tg aac ctg tcc atc atg aag ttc ctt gtgagtgctgccaagccttgaaagcgctgtgctagctggtgaaattgagcaagga 3852 
v m l s 1 m k f l 

gctgggaagagtatagccgtgggggcaggccagccactttgctggcgcaaaggtggccctgcgatgcgctgcggcgactgacacaccggc 3942 
ccctccatcccttcacaaccatatgcag gcc ttt gag cag atc ttc aag aac agc ctg acc acc ctg ccc atg 4015 

afeqificmslttlpm 
ggc ggc digc aag ggc ggc tcc gac ttc gac ccc aag g gtgcgccttccttgagttagtcggccccaagctgcacatt 4092 
gggkggsofopic 

aaatgcctccgtcggtcgtgtttcaaggcccgccctggcccatcattggctgacggtccactgcctgccaccctgtgtcgccacctacct 4182 
gcataccacccacccaacactcccgcccctcctgcaacccctccctccccactaccgcag gc aag agc gac gcg gag gtg 4262 

G K S D A E V 
ATG CGC TTC TGC CAG TCC TTC ATC ACC GAG CTG CAG CGC CAC ATC AGC TAC GTG CAG GAC GTG CCC 4328 

HRFCQSFMTELQRHISYVQDVP 
GCC GGC GAC ATC GGC GTG G GTGAGCGAGCGAGCGAGCAGCGAGCGGGCGTGTTTTTGAAAATTGCAGGGAGGGTAGTCGGGTG 4411 

A G D 1 G V 

gggcaaaggaaacgcacacacttgcatgcgtagccagcaagctttcgttctcctcattcgccgctccattagctcactgcctttgcccac 4501 
ctcttgtttaccaacaacacgcag gc gcg cgcigag att ggc tac ctt ttc ggc cag tac aag cgc atc acc 4572 

garTeicylfcoyicrit 
aag aac tac acc ggc gtg ctg acc ggc aag gg gtgaggcccgcttgcactgactgagctcgagccgggagcaactgtac 4651 
k.kytgvltgkg 

TTTGCATTCCTGCCGGTCTGTTTCGGGGCGGCTGATCGGCAAGGGGTAACGACCAGTGCCCACAGGAGCTCTAACGCTTGCCTGCCACGT 4741 
TTGGGTGAACTGGTGTTCTCCAGCAGCCAGAGTTTTCCATGTCCACCCGCCTGCAAGCTCCTCGCTGTTCATCGCTGTGCTCTGTGTCTC 4831 
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CCTCCCAACACAATCCATACCAAaCAATCCTCCCCCCTGCAG C CAG GAG TAT GCC GGC TCC GAG ATC CGC CCC GAG A903 

GCC ACC GGC TAC GGC GCC GTG CTG TTT CTC GAG AAC CTC CTC^AAg'^CAC^AAG^GGC^GAG^GC^TC^AAG^T 4976 
GY G AVL FVEMVLKOKGESLK 

ATGAGGTAGAGCACAGCCCAAACTGCTCAGAACGTCCGCCTGCCAAGTTCTTTCTTCCATCCACACCCCACACACCTGTGCAC GGC 
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AAG CCC TGC CTG GTG TCT GGC GCG GGC AAC CTG GCC CAG TAC TGC GCG GAG CTG CTG CTG GAG AAG 5218 
-'^**C'-VSGAGMVAQYCAELLLEIC 
GCC GCC ATC GTG CTC TCG CTG TCC GAC TCC CAG GGC TAC GTG TAC GAG GTGCGGTTGATACATCTGGGCCATTT 5292 
"AIVLSLSDSQGYVYE 

CCCCTCCCCACCCCCTTTTCATTTTTCCCGCAC CCC AAC GGC TTC ACG CGC GAG CAG CTG CAG GCG GTG CAG GAC 5547 

ATG AAG AAG AAC AAC AAC AGC GCC CGC ATC TCC GAG TAC AAG GACACTGATGACCGGTCCAGGAAACAAGTTGCAC 5623 
"'^'^KMNSARISEYIC 

?Jc?crJ?Jr$^rrI?r5I^rr5T$^ 5713 
J A^r rlr ^^J^r^II^^^rn^^^"^^*^^^^^^^^"^^ 5803 
e ^ CGC AAG CCT TGC GAG CTC GAC TGC CAG GTG GAC ATC 5870 

^'^'^VYVCORRICPUELDCQVDI 
GCC TTC CCC TGC GCC ACC CAG GTGCGCAGCCAGACTGGCTTGCATGCAACGCATCAAATGTCTCAAGGTTTCCCTGCAAGTGC 5953 
ArPCATQ 

CCGCCTCTCTTGCCCTCTATGCAG AAC GAG ATC CAT GAG CAC GAC GCC GAG CTG CTC ATC AAC CAC GGC TGC 6115 

CAG TAG GTG GTG GAG CGC GCC AAC ATG CCC TCC ACC AAC GAG GCC ATC CAC AAG TAC AAC AAG GTGGCG 6184 

"'VVEGANMPSTNEAI HKYMK 

»I?"I*I*^^5**I5'^*T^'^"'^TT'^TGTTCAATACAGGCCGGGTGTTCAGAAACTAGGCGTGCCGCCAGGCCGTCCACAAGTACA 6274 
*E^=I^=$"^TGGCTCCGAAGTTACT 

^CG5GMJJI?^rfJJS5J^^f^$$IiSSSIHE^S*"*^"«^^"°''"^"'^="CCCAGCTCCTGCCTTCCGCAGTCT^ 6454 
KSJrr5?^r$rtrr?^rr^^JSIII$I^E^S^""^*"''"""*"""TGCAGCTCCATGCAACCCA0CCT 6544 
CCCACCCTTCCCTCTCCCTGCCTCCGCGTCCCCCAC CCC GGC ATC ATC TAC TGC CCC CCC AAG CCC GCC AAC CCC 6619 

CGC GCC CTG GCG CTC ASC GCC CTC GAG ATG ACC CAC AAC CCC ATC CTGAGCGTGCCATGATTTCCCTCCTTGTCa 6694 

GCVAVSGLEMTOMRM 
r5$?IISrrSI^I!^SSIS**'^^'^"°""°'^°T"'^"'^'^CTCCACATGACCCAGAGCCGCATGGTGACCAGGCCAGGG^^ 6784 
rII^^^iS5S^5H^SSSIE'^'^'^°*'^'^'^'^"'^^'^"'^"°'^T^TGTTCCTCGTGCACCTCAGCTGCTCCAACTTTGTGAGCGCATCGCCCT 6874 
GAACCGCCACAACTGCCTCCGCCTCCCCTGCCCCAG AGC CTG AAC TCG ACT CGC GAG GAG CTT CGC CAC AAG CTG 6949 

GAC CCC ATC ATG AAG CTGAGGGCTCATTGTGCCGCTATCACAGTCCAACCACCCAAGCTCCACCCCATCATCAAGGTCACGCCTe 7034 

?JIrI?rS?SI!I?!^Si'^"^'^"*'^'^*""'^°^'^^'^°'^'='^"'^CGCGCCTCGCCCGTCCCGACTCGGCTCAAGTCGCTGCGGAAGCCGC 7124 
i^lG^?^r^5r?r55??^II^?J$i"'^'=^"""'^"^'=""'^'="'^""'^<^'^T"ACGAC 

GCACGACAACCCATTCCGTTCACAACACTCAGCAACCCTCCCCTCATTCTTCTTCATCCCCCCAC CAC ATC TAC GAC TCC GCC 7297 

ATG GCG CCG TCC CGC GAG TAC -AAT GTT GAC CTG GCT G GTGAGTCCCTGCCTGTCCAGAaCAaCGACACTTGTAAA 7374 

"GPSREYNVDLA 
"^*°ITIIII^*II^TAGCCTGCCGCCGTTTCTCCCGGCCACGATTGGCTTTGATGATCGCTCTGCC 7464 
fGCCr??rrIr?Jrr^^5rri?5rJ$$ISI^5^I$IHI'^^'''^"^'="'^^'^"°=T"GCATCGAGa^^ 7554 
J^^^°II^°I°^^""IC""GCTTCCCGT^ 7^44 
CCCCCTCCCCCCCTCCTCCCAATTCTACAG CG CGC CCC AAC ATC GCG G GTCAGTTCGATTCCCCGGAGTTCTGaCACTCCT 7726 

A C A N I A 

^^^SI^T^i^^iSS^r^^^'^'^^^^'^^'^^'^^^^'^^^C^^^TTGGCACGATATGCTGCATTGCTGGTTCCCCGTCCTCAACTCTTG 7816 
5**°*'=*^"S"?CTTGWCCGCCAATGCAGCCAAATCGTCGCGCAGCCGCCTATTTGTGGCTTACGTTGC^ 7906 
TGCAC CC TTC ACC AAG CTG GCT CAT CCC CTC AAG GCC CAG GCC GCT GTT TAA CCTGCCCACCCCCAAGCCACG 7979 
"fTKVADAVKAOCAV* ~ 

^n^^^S^^^^l^} ^^}^*^^^ 8069 
! PF .°^^*^^°'^'^°'^"^°'^'^^'^^°^^^^ ^'^^'^'^'^'^^g^^G**^TAGCGGCACTTGACTGCATCACGACGGCTATTTTTTTC 8159 
■^^°^E?"'^°'^^'^*^'^'^'^°*'^*'^^ ^^'^^^^CCCCCCAGCCCTAACCGCTGACCTCCGCCCGACTTTGCCTCGCACATCGCTCCCTTTT GA 8249 

■ ° ?"J^..I*°EE^'^""""^°^*' ^ '^*"^*'^^°^'^'^"°'^t:TTGCCCTGCG CTGCCCGCGATC 8429 

TrrIr^rTrr?Tl^rrrr^^^^^^^'^ S£GI£'GATCACCCGGTGCTTGCTCCACAAGCACGCCATTG ^^ 8518 
I^^t$^?I°S*"^'^'^'^°'^^"'^^'^^"'^'^^'^^'^*'^'^'^CCA*AACGCACCCGGAAAACTAGATCCCGAGCGCCTGGGCCGCTGCGCGCC 8608 

;^^IIIn?i5II'^'^*"^^"°^"^^'^*^'^"'^^^"TCCACCAGCCACTCCAAAGCCGTTGCACAGCGGCTCGGCTCGATGGCGCCG 8698 
^**J^^"$^^^"^5^TACWCCCCGCTCCCTGA^ 8733 

^5"5^$5^°I^"°$5*^*^S^"'^'^"'^^'=CTCAACGCCTCCCACCTGCCGGGCAACGTAACCCGAGCGTGT 8878 
rr^rl^II^^^E^il^S'^'^^^^'^^'^'^^'^^^'^^'^^'^^C^^'^CC'^^CCGTGCCGCCAACCTCACCCGCGCCCTGCCGCTCTGCCCCTC 8968 
5^I^IrI5?I?^iS^I^I5'^"^'^^"^^^*^'^'^^"'^C*TCACGGAGACCCTGCGTCGCACACACAACTCCCGCGACCTCTCCC 9058 
r^^^^St^?^r5^S5lToISSI°S'^"""^"^*°°^'^"^'^*°"CGACGGCCGCCACTCCTGCCGAATGGTTGCTACACATT 9U8 
rr5I^5$SiSSSSISS^^^^°"'^^"°"'^'^"'^^T"TTCAGCTTCATAACTTTGCAACCAGTTTCCATCATCGCCGTCCTGCCGCC 9238 
S5"5^I^E?^^5^ICTCCTGCCCCCTTGCCCATACGCCTTTCTCGGCCCCCGCTTACCCCACTGTGACCGAACGTCC^ 9328 
T;?5^5?nt^'^'^'^^^'^'^'^^°^°*^'^''°'^*^'^^"*T'50*^'^5TCCGCCCACCTGCTGTGGCGCCTGCAGAACCCCCAGATCCCCCGCG 9418 
;^^$^*^^J^:^"""$*CGCAGTCCACCCCACCCAGCACACCGCACCACATAGTGCACCACCGCCAGACTGCACGGGCCAACTCTC 9508 
Jrr^I^^^?ISi^T^^IS?IS'^°°'^^**"°^""^'=^'^'=°"*T'=C"TCACCCAGCAATAGCACATCCTCCTTCCCCCTGCCTGCAC 9598 
Ar»^?A?^$irrJ5rI?^^iI^SS£*^^**^'^^^^"'=^"'^'=^'^"'^*'=C'=CCAAGAACCCCCAGAACAACCAGCCCCCCAT 9688 
T^^$i^I^^SSSSSiI'^'^^°°°'^"°^'^'^^^'^'^°'=<^°T'='^'='="TTCCCATGAACATCCATATCCTGCCTCCCACAGCGTCCCCCA 9778 
TCCTATCTTCGGTCCGTCCACCGCAGTTGCCCGCTCGCTCCCCCTGCTGCATGCTCTGTGCCACGGGAAGCTGCCTCCCTCTGACCTCAA 9868 
/^"^ - 9872 
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PROJECT SUMMARY 

Under photorespiratory conditions, C3 plants expend a large amount of ATP/reducing 
equivalents for net assimilation and reassimilation of NH^* by the chloroplastic glutamine 
synthetase/glutamate synthase (GS/GOGAT) pathway. Chemical mutagenesis and 
Agrobacterinrr^-mpdiatpH transformation of Arabidopsis will be used to replace its 
GS/GOGAT pathway with a Chlorella chloroplastic glutamate dehydrogenase (a-NADP- 
GDH) which has a high NH^* affinity. The cDNA and nuclear gene, encoding the 
precursor-protein for this enzyme, will be inserted into a binary veaor for transformation 
of root explants which will be regenerated into plants. NADP-GDH cDNA/gene constructs 
will be placed under the control of homologous or heterologous promoters. Chloroplast 
transit-peptides from Chlorella and Arabidopsis will be tested for their abilities to direct the 
import of the precursor-protein into Arabidopsis chloroplasts. Constructs are also designed 
to determine if the precursor-mRNA transcript from the NADP-GDH gene (with many 
introns) will be processed correctly. Transgenic plants expressing NADP-GDH activity will 
be analyzed to ascertain whether an increase in efBciency of NH^* assimilation is translated 
into a net gain in plant productivity. 
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PROJECT DESCRIPTION 

A. Objectives 

1. To use a combination of chemical mutagenesis and Agrobacterium -mediated 
transformation of Arabidopsis thaliana to replace its chloroplastic glutamine 
synthetase/glutamate synthase (GS/GOGAT) pathway with the Chlorellasorokiniana 
chloroplastic NADP-specific glutamate dehydrogenase (NADP-GDH) cr- 
homohexamer which has a very high affinity for NH^*. 

2. To determine whether this pathway replacement will improve the energy efBciency 
of NH^* assimilation/reassimilation in a C3 plant imder photorespiratory conditions 
by saving one ATP for every NH^* incorporated into glutamate, 

3. To provide comparative biochemistry/mole.oilar biology data on the ability of 
gene/cDNA (and associated intron splice-sites, regulatory regions, etc.) and the 
chloroplast transit peptide sequence from a lower eukaryotic plant cell to be 
expressed or function in a higher plant. 

B. Background, Significance, Progress 

In chloroplasts of C3 higher plants (e.g., Arabidopsis ") GS and ferredoxin-dependent 
GOGAT function together in the biosynthesis of glutamate from NH^"^ produced (i) by 
reduction of NO3* absorbed from the soil, and (ii) from deamination/decarboxylation 
of glycine during photorespiration (Fig. lA). The primary route of inorganic nitrogen 
into organic nitrogen metabolism in higher plants is via .transamination of the a-amino 
group of glutamate (synthesized by the GS/GOGAT pathway) to a-keto acids (1,2). 
Ammonium assimilation and reassimilation require a very large expenditure of ATP and 
reducing equivalents, particularly under photorespiratory conditions (3-5). This ATP 
expenditure becomes even greater as the nitrogen nutrition of the plant is increased. We 
have observed (unpublished data) that total GS activity in certain Q grasses can increase 
more than three-fold as the concentration of NO3* or NH^* in the nutrient medium is 
increased from 1 mM to 20 mM. 

There appears to be a -major difference between some lower organisms and higher 
plants in how they regulate NH^* assimilation and the utilization of ATP for this process, 
particularly at high nitrogen levels. At high NH^* levels, many baaeria, fungi, and green 
algae repress/inhibit the GS/GOGAT pathway and induce a NADP-GDH (6,7) to 
incorporate NH^'' into organic nitrogen metabolism via glutamate (Fig. IB). By use of 
this alternate route instead of the GS/GOGAT pa±way, one ATP is saved for every 
glutamate synthesized, thereby making nitrogen assimilation more energy efficient at 
high nitrogen levels. Most higher plants do not have an NH^"" inducible NADP-GDH 
and therefore assimilate NH^^ by the GS/GOGAT pathway regardless of the level of 
nitrogen nutrition. Although most plants have a constitutive mitochondrial NAD-GDH 
and some have a chloroplastic NAD(P)-GDH, these GDHs (7) have low affinities for 
NH^^ (K^ of 5-50 mM) compared to the plant GS isoenzymes which have very high 
affinities for NH^* (K„ of 0.01-0.02 mM). One experimental approach for possibly 
•increasing the efficiency of NH4* assimilation/reassimilation in higher plants is to replace 
the chloroplastic GS/GOGAT pathway with a high affinity NADP-GDH from a lower 
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organisnL 

Research in this laboratory has revealed that the unicellular green alga, Chlorclla 
SProtciniana, has a constitutive, mitochondrial, tetrameric NAD-GDH (identical subunits, 
each 45,000 Da) and two NH^-inducible chloroplastic, homohexameric NADP-GDH a- 
and j3-isoen2ymes (subunits 55,500 or 53,000 Da, respectively) which have strikingly 
different affinities for NH^* (8-11). By use of a combination of biochemical, 
immunochemical, and molecular biology procedures, we have obtained evidence (12-14) 
that a large (7-8 kb) nuclear gene (Fig. 2), containing at least 22 introns, encodes the 
chloroplastic a- and ^-subunits. 

When the a- and j5-isoen2ymes are accumulating together in cells cultured in 29 mM 
NH^* medium, we can detect only a single-size {22 kb) NADP-GDH mRNA on 
Northern blots, using hybridization probes from the conserved amino-acid coding region 
or the 3 '-untranslated region prepared from a 1.91 kb C sorokiniana NADP-GDH 
cDNA (Fig. 3 and 4). From a cDNA library that was prepared from total poly(A)"RNA, 
isolated from C sorokiniana cells synthesizing a- and /3-isoenzymes, we seleaed 17 
NADP-GDH cDNAs which were restriction mapped and totally or panially sequenced 
(Fig. 3 B,C). All of these cDNAs have identical nucleotide sequences for the regions 
that overiap, A 2,146 bp consensus NADP-GDH restriction map is shown in Fig. 3 A. 
Beginning with the second nucleotide from the 5 ' -terminus of the. cDNA consensus 
•'■ nucleotide sequence, an open-reading-frame (ORF) was revealed which ends with a 
TAA stop-codon at 1,571 bp. This ORF encodes a protein with a molecular weight of 
57,401 which is almost the complete size (98%) of the NADP-GDH precursor-protein 
(58,500 D). This consensus cDNA is missing ±e 5 ' -untranslated region, the ATG start- 
codon, and part of the chloroplasi transit-peptide sequence. However, if the a- and ^- 
subunits are encoded by differential processing of a precursor-protein derived from a 
single mRNA, this cDNA contains the sequences for both mature subunits. A 
comparison of the deduced amino-acid sequences of the conserved regions, in the 
NADP-GDH from C sorokiniana. Escherichia coli. and Neurospora crassa. showed the 
alga NADP-GDH conserved sequence to be 77% and 73% homologous with the 
bacterial and fungal sequences, respectively (Fig. 4). The results from Southern blot 
analyses of digests of C sorokiniana genomic DNA with various restriction enzymes (e.g., 
Pviin, lafll. Ava il, etc.) in which the conserved-region and 3 ' -untranslated region 
probes were used, are consistent with there being a single nuclear gene NADP-GDH 
gene (12-14), 

By use of a very specific polysome immunoselection procedure, coupled with 
oligo(dT) chromatography, we purified the NADP-GDH mRNA 1290-fold to apparent 
homogeneity from C sorokiniana cells accumulating primarily the /3-homohexamer (35). 
In vitrp translation of this purified mRNA produced a single protein with a molecular 
weight of 58,500 (35). In vitro u-anslation of total poly(A)^RNA, isolated from cells 
synthesizing primarily the a- or ^-homohexamer resulted in the synthesis of 58,500 Da 
precursor-protein(s) which were processed in vitro (by C sorokiniana extracts) to 55,500 
Da and 53,000 Da subunits (1136). These two subunits have very simOar pepdde maps, 
and both can be immimoprecipitated by polyclonal antibodies prepared against one of 
the subunits, indicating that they have a high degree of sequence homology (11). 

We have determined (11) that below 3 mM NH^* in the culture medium only the a- 
homohexamer accumulates in the chloroplast. Above this NH^* concentration, both 
isoenzymes initially accumulate (i.e., 1^^ 120 min), then accumulation of the a-subunit 
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ceases, and only the )3-homohexamer continues to accumulate at long inducnon times 
(i.e., 3-12 h). From additional nitrogen nutrition studies in which the cells were 
subjected to rapid transitions between low and high NH^*^ concentrations, we concluded 
(11,13) that some type of feedback mechanism switches gene expression from synthesis 
of the a-subunit to the ^-subunit as intracellular nitrogen metabolite(s) reach a certain 
threshold concentration. Experiments are in progress to determine whether the a//3 
switch is (i) the differential processing of a single precursor-protein encoded by a single 
NADP-GDH mRNA, or (ii) specific processing of two slightly different precursor- 
proteins which are derived from two similar size NADP-GDH mRNAs encoded by the . 
same gene (e.g., two mRNAs produced by alternative splicing of a common precursor- 
NADP-GDH mRNA). The reason for being tentative, regarding the existence of one 
or two NADP-GDH mRNAs, is that 10 of the 17 NADP-GDH cDNAs which isolated 
are missing both their 3' - and 5 '-terminal sequences (Fig. 3 B,C). In view of the large 
number of exons in the NADP-GDH gene (Fig. 2), with some of these exons being as 
small as 16 bp, it is possible that alternative splicing (16) of the precursor-mRNA could 
generate two mRNAs of nearly the same size with sequence differences, panicularly in 
the region between the conserved region and the 3 ' -untranslated region. To determine 
whether or not all of the NADP-GDH mRNAs have identical 5 '-termini, primer 
extension/anchor PGR (19) is being used with poly(A)*RNA isolated from cells 
synthesizing either the a- or j3-homohexamer. For 3 ' -terminal analysis, NADP-GDH 
cDNAs with complete 3 '-termini are being isolated and sequenced from new cDNA 
libraries prepared with poly(A)*RNA from cells synthesizing either the a- or /3- 
homobexamer. These experiments are in progress arid wiU be completed by the time 
this NSF proposal is funded 

The C. sorolciniana a-homohexamer has a very high affinity for NH^* (M^ ranges 
between 0.02 mM and 3.5 mM) and is allosteric in that its NH^* varies with NADPH 
concentration (11). Our search of the scientific literature has not revealed any other 
reports of a GDH with an NH^* as low as 0.02 mM. This .NH^" falls into the 
range of those reported for higher plant GS isoenzymes (0.01 mM - 0.02 mM). In 
contrast, the /3-horaohexamer has a low affinity for NH^* (M^ = 75 mM) and is non- 
allosteric with respect to NADPH. When cells are synthesizing bo± a- and /3-subunits 
early during the induction period at high NH^"" concentration, homo- and 
heterohexamers (i.e., 6a, 5a: 1/?, 4a:2p, 3a:3)9, 2a:4/3, la:5^, and 6/3) accumulate within 
the chloroplast (37). These NADP-GDH heterohexamers presumably have NH^* 
values which fall between those of the two homohexamers (11). In addition to the 
process which controls the differential synthesis of the a- and /3-subunits, we have shovm 
(20,21) that the levels/activities of the NADP-GDH holoenzymes are regulated by a Ca"^ 
and ATP dependent inactivation/degradation process involving covalent-modification of 
the subunits as an obligatory step to their degradation (see model. Fig. 5). 

It is the a-homohexamer which has potential use in higher plant biotechnology for 
increasing the energy efficiency of NH^* assimilation in food and biomass crops. Once 
the molecular mechanism is understood by which the NADP-GDH gene gives rise to a- 
and ^-subunits, tiae NADP-GDH cDNA and gene will be modified by in vitro 
mutagenesis so that only the a-isoenzyme can be synthesized in vivo in transgenic plants. 
The modified cDNA/gene will be used for the biotechnology application discussed 
below. The unmodified cDNA/gene also will be used in comparative 
biochemistry/molecular biology studies to determine whether a chloroplast uansit- 
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peptide sequence, introns, etc from a lower plant will function or be processed, etc. in 
a higher plant 

C. Experimental Plan and Methods 

Selection of Arabidopsis nmtant(s) having both low GS activity and absence of GOGAT 
activity 

Arabidopsis (22) and barley (23) mutants have been isolated which are deficient in 
GOGAT or chloroplastic GS activities, respectively. These mutants were selected for 
their ability to grow in atmospheres with elevated CO^ levels (0.8 - 1.0%) but not in . 
normal air. The basis of the mutant selection was that COj competitively inhibits the 
oxygenase activity of ribulose bisphosphate carboxylase/oxygenase (Rubisco) which 
catalyzes the formation of phosphoglycoUate, the first intermediate on the 
photorespiratory pathway. Because of tht importance of both the chloroplastic GS and 
GOGAT in the reassimilation of NH^* produced during photorespiration, a deficiency 
in either of these enzymes leads to accumulation of NH^* in the leaves and rapid 
inhibition of photosynthesis after these mutants are transferred to air in the light. Under 
these photorespiratory conditions, the mutants become chlorotic within several days, and 
can be rescued by returning them to an elevated COj atmosphere in the light Since 
plants containing mutations in genes encoding some of the other enzymes in the 
photorespiratory pathway may also give the chlorotic phenotype under photorespiratory 
conditions, direct enzyme analysis (22) of leaf extracts is required to identify specific GS 
and GOGAT mutants. 

In leaves of wild-type C3 plants, such as barley and Arabidopsis. the chloroplastic GS 
isoenzyme has been shown (24) to represent a much higher percentage of the total GS 
activity than the cytosolic GS (approx. 85:15, respectively). The higher plant cytosolic 
and chloroplastic GS isoenzymes are encoded by different nuclear genes (25-28), 
Wallsgrove et al (23) isolated a barley mutant deficient in the chloroplastic GS but which 
still contained wild-type levels (i.e., approx. 17% of total GS activity in leaves) of the 
cytosolic GS. Under elevated COj levels in the light, this barley mutant grew normally, 
indicating that the remaining wild-type activity of the cytosolic GS was sufficient to meet 
the glutamine requirement of the plant for biosynthesis of purines, pyrimidines, arginine, 
histidine, and tryptophan. However, when the mutant plant was placed under 
photorespiratory conditions, the cytosolic GS by itself was unable to reassimilate the 
large amount of NH^* produced during photorespiration. 

Although an Arabidopsis thaliana (Columbia ecotype) GOGAT mutant (GluS) has 
been isolated by Somerville and Ogren (22), neither cytosolic nor chloroplastic GS 
mutants have been isolated yet for this plant. Dr. C. Somerville (Michigan State 
University) has given us seed of his GOGAT mutant (GluS; MSU 254) for use in this 
project. However, we will have to isolate Arabidopsis mutants which contain wild-type 
cytosolic GS activity and are deficient (0-20%) in chloroplastic GS activity. When these 
chloroplastic GS mutants (homozygous) are isolated, they will be crossed with the 
GOGAT mutant. From the resulting progeny, a double-mutant homozygous for both the 
GOGAT and chloroplastic GS mutations will be isolated. This double mutant is 
required for the development of a transgenic plant in which the biosynthesis of glutamate 
in the chloroplast will occur via the NADP-GDH a-homohexamer (introduced from 
..Chtelk) instead of tiie GS/GOGAT pathway (Fig. IC). Somerville and Ogren (22) 
* observed that, in the Arabidopsis GOGAT mutant under photorespiratory conditions, 
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the chloroplastic GS rapidly converted free glutamate to glutamine, resulting in the 
deprivation of free glutamate for use in biosynthesis of the other amino acids. Thus, 
unless the wild-type level of the chloroplastic GS is low or absent in the transgenic plant! 
the glutamate synthesized by the NADP-GDH may be rapidly converted to glutamine, 
resulting in a shrinkage in the pool of available glutamate normally used in transaminase 
reactions. It should be noted that the primary route for assimilation of inorganic- 
nitrogen into organic nitrogen metabolism is via transamination of the a-amino group 
of glutamate into ±e carbon skeletons of amino acid precursors. 

We will selea Arabidopsis GS mutants by the same procedure described by .. 
SomeiviUe and Ogren (22) and Estelle and Somerville (29) to isolate their GOGAT 
mutant (GluS, MSU 254). Mutagenesis will be accomplished by soaking seeds in a 03% 
solution of ethyl metiiane sulfonate. This treatment will induce heterozygous mutations 
in some of the cells which will give rise to the reproductive structure of the plant This 
Ml generation will be culmred to matiirity in normal air under fluorescent lamps, 
allowed to self-fertilize, and the seed will be collected. The seed will be germinated at 
high densities in die light under an atmosphere of 1% COj-air, and these M2 progeny 
will be SCTeened by placing tiiem into normal air for 3-4 days. The plants which show 
chlorosis will be identified and returned to the high-COz environmental growth chamber 
and allowed to self-fertilize and produce seed. The seed from each M2 plant then will 
be germinated separately in the high-C02 atmosphere, transferred to normal-air to 
identify homozygous mutant progeny, and tiien renimed to the high-C02 atmosphere for 
recovery and further growtii. After a suitable recovery time from chlorosis, extracts will 
be prepared from the leaves of these M3 progeny and will be analyzed for total GS 
activity. When extracts having low total GS activity are identified, tiiese will be further 
analyzed by ion-exchange chromatography in a Pharmacia FPLC (analytical Mono Q 
column, NaQ gradient) to determine the ratio of activities of the cytosoUc and 
chloroplastic GS isoenzymes. Those mutants which have a wild-type level of the 
cytosolic GS, and are deficient (0-20%) the chloroplastic GS, will be allowed to self- 
fertilize and their seed will be collected. Progeny from these seed will be used in crosses 
witii the GOGAT mutant to produce the chloroplastic GS/GOGAT double-mutants as 
discussed above. 

Agrobacteriimi-mediated transformation of Arabidopsis 

Several types of binary Ti plasmid vectors have been used for the Agrobacteriufn - 
mediated transformation of the different ecotypes of Arabidopsis (30-34). In addition 
to tiieir ability to replicate in both Agrobacterium and E. coll. these binary vectors 
usually have botii left and right border repeats of tiie T-DNA region, a dominant marker 
gene (e.g., kanamycin or hygromycin B resistance), several unique restriction sites for 
insenion of foreign DNA between the T-DNA borders, and an antibiotic gene for 
maintenance in tiie resident bacterium (30). For the T-DNA region of the binary vector 
to be transferred into a plant cell, the Agrobaaerium strain must also carry a helper Ti 
plasmid which provides the necessary transacting vi£ functions which are lacking in the 
binary vertor. To prevent recombination with binary veaors, helper plasmids have had 
their T-DNA region deleted. 

Binary-vectors carrying the genes for kanamycin or hygromycin B resistance appear 
to vary in their effectiveness as selectable markers for use in isolation of transformed 
cells from the various Arabidopsis ecotypes. For example, tiie Columbia ecotype is 
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reponed (31) to have some natural resistance to kanamydn whereas VassOsldja and 
Landsberg eisoa are very sensitive to this antibiotic For those ecotypes with some 
resistance to kanamydj], hygromycin B has proven to be an effective sele=ibie marker. 
Feldmann and Marks (32) and Feldmann et al. (33) have successful!^ reformed 
Arqt>j<jpp,'>i?i (ecotype Wassilskija) by germinating seeds in the presence of A3r>baaeriiim 
carrying a kanamydn resistant binary vector. Although this transfonm-ioa method 
appears to be very simple and convenient, there are reports (personal cn=!mication 
with various sdentists) that transformation frequendes are often low ani vsry among 
different seed lots. Lloyd et al. (31) have transformed Arabidopsi?; (Colunbia ecotype) 
by a modified leaf-disk, transformation/regeneration method using a linzzy vector 
encoding hygromycin B rather than kanamydn. Because uninfected contCil le'af-nssue 
of the Columbia ecotype also developed caDus in the presence of kaiirr/cin, this 
antibiodc was ineffective as a selecting agent with this ecotype in the lea>-±£k method. 
However, with the hygromycin-resistant vector, approximately one-third oc ±e original 
trans-formed leaf pieces sunrived the hygromycin selection-step and more 50% of 
these generated shoots. Four months were required from the time of inEcd:a of leaf- 
tissue pieces with Agrobacrerium until the collection of seed from tht ri::sformed 
plants. Valvekens et al. (34) have developed cultural conditions for iiiridng root- 
explants, of several Arabidnp<;i'; ecotypes, to generate shoots rapidly mi at 100% 
effidency. By use of this root-explant regeneration procedure, along wi± z ~ plasmid 
vector encoding kanamycin resistance, trans-formed seed-producing plants vers obtained 
with an efSdency of 20-80% within 3-momhs after gene transfer. In airtion to a 
shorter time to obtain seed from transformed tissue, tiiis xro: explant 
transformation/regeneration method which employed kanamydn was su=:es5ful with 
three different ecotypes (i.e., Columbia, Landberg erecta. and C24). T±s finding 
contrasts with the reponed difficulties of the Columbia ecotype by the lea:-:rik method 
discussed above (31). 

Because the Columbia ecotype was used to select the chloroplastic G03--.T mutant, 
which was obtained from Dr. Somerville, we initially plan to use the rD:: explant 
transformation/regeneration method of Valvekens et al. (34) and a Ti pssnid binary 
veaor carrying the kanamydn resistance gene. The binary veaor system 3US Gene 
Fusion Kit) will be purchased from Clontech Laboratories. This syster udlizes A, 
rymefggen?^ strain LBA4404 with its helper plasmid based on an octopire T: plasmid, 
and several modified binary veaors: plasmid pBIlOl (GUS cassette, rc rromoter), 
plasmid pBI121 (pBIlOl with CaMV 35S promoter, and plasmid BI221 ;:3:i21 GUS 
cassette in pUC19). The kit also contains the conjugative plasmid RK2Cr3 in HBIOI. 
The aforementioned binary vectors contain, between the right and lef. b—ders, the 
kanamydn resistance gene (npt E) which is driven and terminated by ±:f nopaiine 
synthase (NOS) promoter (NOS-pro) and terminator (NOS-ter), ^especlr■^•^•. The ^- 
glucuronidase (GUS) gene in pBI121 is driven and terminated by tht iiMV 35S 
promoter and the NOS-ter, respectively. The 3' and 5' termini of tht ZiMW 35S 
promoter and NOS-ter termini, respectively, have unique restriction sit:s -aich will 
permit exdsion of the GUS gene and its replacement with the Chlorella N.-DP-GDH 
cDNA or genomic DNA- To determine if the namral promoter of the Chi:re:.a NADP- 
GDH gene can be expressed (without or witiii in vitro mutagenesis) in Anhifopsis. the 
"promoter-less" GUS cassette in pBIlOl will be used. In this binary plasmcL ±t CaMV 
35S promoter has been deleted and a multicloning site has been insenecin :3 place 5' 
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to the GUS gene. Thus, various promoters (e.g., NADP-GDH promoter region) can be 
cloned upsueam of GUS which can be used as a reponer gene. 

Analysis of expression of Chlorella NADP-GDH cDNA/genomic DNA in transgenic 
Arabidopsis plants 

The ArabijQp^i.'i GS/GOGAT mutant will be transformed with ±e aforementioned 
binary veaor(s) carrying a number of different Chlorella NADP-GDH cDNA/genomic 
DNA constructs: 

a. Full-length NADP-GDH cDNA carrying its own ATG stan-codon, chioroplast • 
transit-peptide sequence, and its 3'-terminus devoid of its poly(A)tail (i.e., the Nos-ter 

will provide the terminator/polyadenylation signal). 

b. The same cDNA (as a.-) modified by replacement of the Chlorella chioroplast transit- 
peptide sequence with the equivalent higher plant sequence reported (38) for one of . 
the four ArabidQp$i? Rubisco small subunit precursor-proteins (e.g., standard single- 
letter code for amino acids for transit-peptide AtB is 
MASSMl^SAAVVTSPAQATMVAPTGI^SASFPVTRKANNDITSITSNGGRV 
SC). AJtematively, we will be screening an Arabidopsi.s cDNA library with a 
heterologous GS cDNA probe ( Phaseolus vulgaris to isolate the chloroplastic GS 
cDNA. In the event that the impon and/or processing of precursor-proteins for 
stromal en2ymes, involved in different aspects of chioroplast metabolism (e.g., carbon - 
vs. nitrogen) is/are regulated in part by transit-pepudes with sequences differences, 

it might be advantageous to use the transit-peptide sequence for the Arabidopsis 
chloroplastic GS instead of the one for the Rubisco small subuniL 

c. The same cDNA (as a.) without any chioroplast transit peptide sequence (i.e., the 
NADP-GDH will be targeted for the cytosol instead of the chioroplast). 

d. The entire NADP-GDH genomic DNA clone (gene) containing its natural promoter 
region, stan codon, exons, introns, and termination/polyadenylation signal(s). 

e. Another related construa will be the NADP-GDH promoter region by itself. 

f. The same NADP-GDH gene (as d.) modified by deletion of its natural promoter 
region. 

The a., b., c, and f. constructs will be inserted into veaor pBI121 between CaMV 
35S promoter and Nos-ter to replace the deleted GUS gene. The d. constiiict will be 
insened into the "promoter-less" veaor pBIlOl to replace its GUS gene. The e. 
construa will be insened into the "promoter-less" veaor pBIlOl in front of the GUS 
gene to determine whether the Chlorella promoter will be able to drive the GUS gene. 

Transformants from the root-explants initially will be identified by their kanamycin 
resistance, and regenerant plants will be allowed to self-fenilize and produce seed in a 
high-COj lighted, environmental chamber. These seed will be germinated in the 
presence of kanamycin in a high COj atmosphere and the antibiotic resistant progeny 
will be identified. These will be placed under photorespiratory conditions (light, normal 
air) to identify which plants remain green (if any) and tiiose which become chlorotic. 
The plants which remain green will be allowed to self-fertilize and produce seed under 
photorespiratory conditions whereas the chlorotic plants will be remmed to the high COj 
atmosphere for seed production. The seed from these plants will be germinated in ±e 
low or high COj atmospheres and extracts of their leaves will be analyzed for NADP- 
GDH activity (spearophotom^etricaily), NADP-GDH anti-gen (Western blotting), NADP- 



9 



r 



r 



GDH mRNA (Northern blottmg) and NADP-GDH DNA (Southern blotting). Assays 
will also be performed for total GS activity to verify that transformation did not alter the 
wild-type level of the cytosolic GS in ±e transgenic planL To confirm that kanamycin 
resistance is conferred by neomycin phosphotransferase and not by some other 
mechanism in the transformants, assays for this activity will also be performed. The 
aforementioned assays for NADP-GDH-antigen, -mRNA and -DNA will be particularly 
important for trans-genic plants which become chlororic under photorespiratory 
conditions. For example, if the Arabidopsis genome contains ±e intact NADP-GDH 
f^NA/gene and the plant does not accumulate active enzyme, it might be possible to 
identify the biochemical, step (i.e., transcription, translation, post-translation) that is 
limiting the accumulation of active NADP-GDH. If the transgenic plants (green or 
chiorotic) contain NADP-GDH antigen or activity, their chloroplasts will be isolated and 
analyzed to ascenain whether the antigen/activity is chloroplast localized. For the plants 
transformed with NADP-GDH cDNA without a chloroplast transit-peptide sequence, 
assays will be performed to show whether or not the NADP-GDH is accumulating in the 
cytosol. From a comparative biochemical/molecular biology viewpoint, the results from 
the aforementioned assays on the transgenic plants, carrying the different cDNA/gene 
constructs, are important for identifying possible differences in gene-enzyme regulation 
(or processing) in higher and lower plants. For example, from the cDNA constructs 
having the Chlorella or higher-plant chloroplast transit-peptide sequence, it should be 
possible to show whether the lower plant transit-pepdde sequence will direct the NADP- 
GDH precursor-protein into the Arabidopsis chloroplast and will be recognized and 
processed by . the; endopeptidase(s). of this, higher, plant.. . . Also,- another question of 
comparative biochemistry importance is whether the natural promoter(s) of the Chlorella 
NADP-GDH gene will be recognized by the regulatory proteins/RNA polymerase of 
Arabidop?^!,'^. Moreover, if the NADP-GDH gene is transcribed into a large precursor 
mRNA (pre-mRNA) in this higher plant, will the many exons (including one only 16 bp) 
be spliced together correctly? 

Efficiency of inorganic nitrogen assimilation, carbon dioxide fixation, and biomass yield 
m tramgenic Arabidopsis plants expressing chloroplastic NADP-GDH 

For every NH^.* assimilated into glutamate by the chloroplastic NADP-GDH rather 
than by the GS/GOGAT pathway, one ATP should be saved. A question of imponance 
from an agricultural biotechnology standpoint is whether this savings in ATP can be 
translated into a net gain in energy that can be used for anabolic processes by the plant. 

Before plant productivity studies are considered, several basic measurements need 
to be performed on the different (isolates) Arabidopsis transgenic plants having 
chloroplastic NADP-GDH activity. Due to variations in the number of copies (gene 
dosage) of the NADP-GDH cDNA/gene that can be inserted into the Arabidopsis 
genome and in their posidon(s) in the genome (i.e., adjacent genes/promoters can 
influence expression of insened gene), different amounts of NADP-GDH activity may 
accumulate in the leaves. Firstly, it will be iraponant to rank the transformants on the 
basis of their amount of leaf NADP-GDH activity. Their degree of resistance to 
chlorosis under photorespiratory conditions may prove to be correlated to the amount 
of NADP-GDH activity in Uieir leaves. Secondly, the NH^* concentration in the leaves 
will be measured before transfer to photorespiratory conditions and during a time-course 
tiiereafter. Thirdly, the phojosyntiietic rate will be measured (22) as a funaion of time 
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after transfer to photorespiratory conditions. As controls, the same measurements will 
be performed on the wild-type and GS/GOGAT mutant (not transformed) Arabidopsis 
plants. 

Because of the possible variation in gene dosage, there could be a wide range of 
NADP-GDH activities in the transformants. From a plant energy-economy standpoint, 
the ideal transgenic plants, seleaed for biomass production measurements, will be ±ose 
with the lowest levels of NADP-GDH activity which can m^inTain wild-type levels (or 
lower) of NH4* in the leaves under photorespiratoiy conditions. Because the NADP- 
GDH cDNA/gene insertions into the Arabidopsis genome might lower the activity of . 
some essential plant enzyme unrelated to nitrogen metabolism, a number of NADP- 
GDH transformants will be evaluated in the biomass productivity smdies. The following 
comparisons will be made-between wild-type Arabidopsis and the aforementioned final- 
selection of transformants during growth (in a random-block design) under 
photorespiratory conditions: 

a. Generation time from seed germination until seed set 

b. Total protein, total RNA, total DNA, lipid, starch, and chlorophyll content of leaves 
(per fresh and dry weight) at periodic intervals during growth/maturation cycle. 

c. Total weight of seed produced. 

d. Rates of uptake of NO3" and NH^* in separate nutrition experiments vs. 
developmental stage. 

e. Rate of ^'COj incorporation by the intact plant 

f. Leaf ADP/ ATP ratio. 

D. Figure Legends' and Figure?^ 

Fig. 1 A3,C Pathways of inorganic nitrogen assimilation/reassimilation in A. thaliana 
leaves, C. soroldniana cells, and transgenic/mutant A. thaliana leaves. 

Fig. 2. Restriction maps and exon domains of NADP-GDH genomic DNA clones, pGDg 
14.10.1, 8.4.4, 14.4.1, 15.2.1. The entire region of the NADP-GDH consensus cDNA 
shown in Fig. 3A was used to determine the positions of 22 exons (black boxes) which 
are interrupted by introns with nuclear consensus splice sites at the exon/intron 
junaions. The heavy black-lines indicate those regions in the clones which have been 
sequenced (14). 

Fig. 3 A3,C Restriction maps of 17 NADP-GDH cDNAs isolated from a cDNA library 
prepared from total poly(A)*RNA extraaed from cells induced for 80 min in 29 mM 
NH4* medium. Panel A, 2,146 bp consensus NADP-GDH cDNA restriction map. The 
hea.vy and light black-lines are the amino-acid coding region and the 3 '-untranslated 
region, respectively. The regions corresponding to the conserved region probe (242 bp 
Psil fragment) and the 3 ' -untranslated region probe (378 bp Narl/ Smal fragment) are 
indicated. Panel B, the cDNA clones pGDc 2, 3, 6, 7, 10, and 23 were isolated using a 
heterologous 1.2 kb probe from the gdhA gene from S. thvphimurium . Both' strands of 
pGDc23 (1.91 kb) have been sequenced as indicated by the arrows. Panel C, the cDNA 
clones, pGDc 30, 31, 32, 33, 34, 35, 36, 38, 39, 42 and 44 were isolated using a 
homologous 115 bp PsiI fragment from near the 5 '-end (overlapping into conserved 
region) of pGDc23 (15). 
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Fig. 4. Nucleotide sequence of the highly conserved region of a NADP-GDH cDNA, 
pGDc23, and comparison of its deduced amino acid with the amino add sequences of 
Escherichia coH and Neurospora cra-ssa NADP-GDHs (15). 

Fig. 5. Diagram of modified model for regulation of activity, synthesis, inacdvation, and 
degradation of a- and ^-isoenzymes of NADP-GDH in C. soroldniana (see ref. 20 for 
details of original model). 
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Small equipment items costing less than $500 ea., e.g., pumps, 
mixers, Plexiglas electrophoresis chambers, Eppendorf automatic 
pipettes, etc. 



TOTAL PERMANENT EQUIPMENT 



E TRAVEL!. DOMESTIC (INCLCANADAAND U.S. POSSESSIONS) National meetings 



2. FOREIGN 



F. PARTICIPANT SUPPORT COSTS 

1. STIPENDS $ 

Z TRAVEL 

3. SUBSISTENCE 

4. OTHER 



( ) TOTAL PARTICIPANT COSTS 
G. OTHER DIRECT COSTS 



1. MATERIALS AND SUPPLIES 



2. PUBLICATION COSTS/DOCUMENTATION/DISScMINATION 



I I '700 



3. CONSULTANT SERVICES 



4. COMPUTER (ADPE) SERVICES " 

5. SUBCONTRACTS 

6. OTHER (Kepair or major equipment items; 



2,500 



TOTAL OTHER DIRECT COSTS 

H. TOTAL DIRECT COSTS (A THROUGH G) 



21,000 



59,805 



INDIRECT COSTS (SPECIFY RATE AND BASE) 
45Z modified total direct costs 

TOTAL INDIRECT COSTS 

J. TOTAL DIRECT AND INDIRECT COSTS (H . 



26,912 



^1) 



K. RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT PROJECTS SEE GPM 252"AND253r 
L AMOUNT OF THIS REQUEST (J) OR (J MINUS K) ' 



86.717 



Pl/PD TYPED NAME & SIGNATURE' 
Robert R". Schmidt 


DATE 


FOR NSF USE ONLY 




INDIRECT COST RATE VERIFICATION 


INST. REP. TfPED NAME & SIGNATURE' ;> , " 


DATE 


Date Checked 


Date of Rate Sheet 
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APPENDIX V 



BEFORE COMPLETING ^ PROPOSAL BUDGET 


FOR NSF USE ONLY 


Universitv of Florida /Division of Soonsored Research 


PROPOSAL NO. 


DURATION 


(MONTHS) 


Proposed 


Gramod 


PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR 

Robert R. Schmidt- 
A. SENIOR PERSONNEL PI/PD. C^Pfs. f aoutv anfi nm<M- c^ninr A«e^^«. 1 


AWARD NO. 







(List each separately with title. A.6. show number in brackets) 



Pefson-mos. 



CAL. ACADISUMR 



Requested By 
Proposer 



Granted By NSF 
(If Different) 



1. 



R.R. Schmidt. Graduate Research Professor (PI) 



5 None 



6. 



) OTHERS (LIST INDiVIDUAgY ON BUDGET EXPLANATION PAGE) ' 
) TOTAL SENIOR PERSONNEL (1>5) 



B. OTHER PERSONNEL (SHOW NUMBERS IN BR ACKETS) 
) POST DOCTORAL ASSOCIATES 



-Li 
3.( 



4. ( 

5. ( 

6. ( 



) OTHER PROFESSIONALS (TECHNICIAN. PROGRAMMER ETC ) 
j_)GRADUAT£ST\JDENTS (Ph.D. candldlt^ 



2 ) UNDERGRADUATE STUDENTS Part-time (g 4.75/hr" 



2,000 



) SECRET ARIAL CLERICAL 
) OTHER 



TOTAL SALARIES AND WAGES (A^-B) 

C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)" 



TOTAL SALARAIES. WAGES AND FRINGE BENEFITS (A^^) 

0. PERMANENT EQUIPMENT (LIST ITEM AND DOUJKR AMOUNT FOR EACH ITEM 
EXCEEDING $1,000:) 

Sma^ equipment items costing less than $500 ea. 



TOTAL PERMANENT EQUIPMENT 

E TRAVEL 1. DOMESTIC (INCL CANADA AND U.S. POSSESSIONS) ' 




:,QQO 



National meetings 



2^000 



2. FOREIGN 



F. PARTICIPANT SUPPORT COSTS 

1. STIPENDS $ 

Z TRAVEL 

3, SUBSISTENCE 

4. OTHER 



• ( ) TOTAL PARTICIPANT COSTS 
.OTHER DIRECT COSTS 




1 . MATERIALS AND SUPPLIES 

2. PUBLICATION C0STSA30CUMENTAT10N/D I SS EMI NATION ' 



17,850 



3. CONSULTANT SERVICES 

4. COMPU 



ER (ADPE) SERVICES ' 

SUBCONT RACTS ' ■ 

(Repair of major equipment items) 



I ,500 



6. OTHER 

TOTAL OTHER DIRECT COSTS 



2,300 



K TOTAL DIRECT COSTS (A THROUGH G) 



I. INDIRECT COSTS (SPECIFY RATE AND BASE) 

A5Z modified total direct costs 
TOTAL INDIRECT COSTS 



J. TOTAL DIRECT AND INDIRECT COSTS (H ^> j) " — 

K. RESIDUAL FUN DS (IF FOR FURTHER SUPPORT OF CURRENT PROJECTS SEE GPM 252 AND 253) 



21,850 



62,295 



L AMOUNT OF THIS REQUEST (J) OR (J MInQskT 



PI/PD TYPED NAME & SIGNATURE* 
Robert R-. Schmidt 



DATE 



$90,328 



FOR NSF USE ONLY 

INDIRECT COST RATE VERIFICATION 



INS'I. HEP. TYPED NAME & SIGNATURE' 

NSF Fof.-n 1030 (8/90) Supersedes Atl Previous Editions 



DATE 



Date Checked Date of Rate Sheet I ImtitaJs-OGC 
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APPENDIX \ 



FOR NSF USE ONLY 



University of Florida/Division of Sponsored Research 



PROPOSAL NO. 



DURATION (MONTHS) 



Proposed Granted 



PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR 
Robert R. Schmidt' 



AWARD NO. 



A. SENIOR PERSONNEL; Pl/PD. Co-Pfs. Faculty and Otner Senior AssodatiT 
(List eac.*i separately with title, A.6. show number in brackets) 



NSF Funded 
Person-mos, 



CAL I ACAD ISUMR 



Funds 
Requested 9y 
Proposer 



runds 

Granted By NS? 
(If Different) 



^- R.R> Schmidt, Graduate R esearch Proressor 
T ' ^ 



$ None !$ 



1 



5. ( ) OTHERS (LIST INDIVIDUAgY ON BUDGET EXPLANATION PAGET 



( ) TOTAL SENIOR PERSONNEL (1-.5) 



3. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS) 



, ( .) POST DOCTORAL ASSOCIATES 



) OTHER PROFESSIONALS (TECHNICIAN^ PROGRAMMER. ETC.) 



3.( :i ) GRADUATE STUDENTS (ph.D. candidates) 



4.( 2 ) UNDERGRADUATE STUDENTS Part-time (j $3.00/ hr 



Jo , 10/ 



T3uu" 



5. ( ) SECRETARIAL CLERICAL 



6. ( ) OTHER 



TOTAL SALARIES AND WAGES (A^B) 



C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 



38,667 



TOTAL SALARAIES. WAGES AND FRINGE BENEFITS (A>.a^) 



0. PERMANENT EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM 
EXCEEDING SI ,000:) 

Small equipment items costing less than $500 ea. 



TOTAL PERMANENT EQUIPMENT 



E. TRAVEL 1. DOMESTIC (INCL CANADA AND U.S. POSSE SSIONS) National mPPr nc. 

2. FOREIGN ^ — 



i;-..':>.- vi - ,,>:-^>V--vV';:<< 



2,000 



2,000 



F. PARTICIPANT SUPPORT COSTS 

1. STIPENDS $ 

Z, TRAVEL 

3. SUBSISTENCE 

4. OTHER 



( ) TOTAL PARTICIPANT COSTS 



G. OTHER DIRECT COSTS 



1. MATERIALS AND SUPPUES 



2. PUBLICATION COSTS/DOCUMENTATION/DtSSgMlNiA-nnN 



4. COMPUTER (ADPE) SERVICES 



5. SUBCONTRACTS 



6. OTHER (Repair of major equipment items) 



TOTAL OTHER DIRECT COSTS 



H. TOTAL DiRbCT COSTS (A THROUGH G)" 

I. INDIRECT COSTS (SPECIFY RATE AND BASE) 

45Z modified total direct costs 
TOTAL INDIRECT COST S 

J. TOTAL DIRECT AND INDIRECT COSTS (H I)" 



K. RESIDUAL FUN D 6 (Ih TOR FURTHER SUPPORT OF CU R RENT PROJECTS SPC r,PM o.. . o... 

L AMOUNT OF THIS REQUEST (J) OR iTm iUS^ tUl5^£. GPM 252 AND 2.3) 

Pl/PD TYPED NAME & SIGNATURE 
Robert R, Schmidt 



INST. REP. TYPED NAME & SIGNATURE' 



NSF Form 1030 (8/90) Supersedes Alt Previous BdiUons 



DATE 



DATE 



22,743 



I 



L 

S94.8AS IS 
FOR NSF USE ONLY 



Date Checked 



INDIRECT COST RATE VERIFICATION 



Date ot Rate Sheet 



Inititals-DGC 



22 'SIGNATURES REQUIRED ONLY FOR REVISED BUDGET (GPM 211 



(SEE INSTHUCnONS ON REVERSE 



SUMMARY 



FOURTH YEAP 

r 



APPENDIX V 



BEFORE COMPLETING PROPOSAL BUDGET 


FOR NSF USE ONLY 


university ot Florida/Division of Soonsored Research 


PROPOSAL NO. 


DURATION 
Proposed 


(MONTHS) 
Granted 


PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR 

Robert R. Schmidt ■ 
"ATSEfliORTSRSORriE^ Mcc 


AWARD NO. 







(Ust each separately with tide. A.6. show numder in brackets) 



1, 



R.R, Schmidt I Graduate Research Professor (PI) 



Person-mos. 



CAL. ACADISUMR 



Requested By 
Proposer 



5 None 



Granted By NSF 
(It Different) 



I 



3. 
4. 



) OTXERS {LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE) 



5.( 
6. 



( ) TOTAL SENIOR PERSONNEL (VST 

a. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)" 



3.( 



) POST DOCTORAL ASSOCIATES 



) OTHER PROFESSIONALS (TECHNICIAN: PROGRAMMER. ETC.) 



3 ) GRADUATE STUDENTS rPh.p. candidatesT 



't. ( 2 ) UNDERGRADUATE STU DENTS 
5.( 



) SECRET ARIAL CLERICAL 
) OTHER 



Part-t:ime 3 SS.OO/h^ 



6.( 



TOTAL SALARIES AND WAGES (A^B) 

C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 



TOTAL SALARAIES. WAGES AND FRINGE BENEFITS ik^A^A 
D. PERMANENT ^ 



EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM 
EXCEEDING $1,000:) 

Small equipment items costing less than $500 ea. 



TOTAL PERMANENT EQUIPMENT 

£. TRAVEL 1. D OMESTIC (INCLCANADAAND as. P OSSESSIONS) NarionAl mP^rSnac 
2. FOREIGN " — 



F. PARTICIPANT SUPPORT COSTS 

1. STIPENDS $ 

2. TRAVEL 

3. SUBSISTENCE ^ 

4. OTHER " 



( ) TOTAL PARTICIPANT COSTS 
G. OTHER DIRECT COSTS 



2,000 



2.000 



1. MATERIALS AND SUPPLIES " " 

2. PUBLICATION COSTS/DOC U MENTATION/DISSEMINATION 



19.680 



3. CONSULTANT SERVICES 



4. COMPUTER (ADPE) SERVICES 



5. SUBCONTRACTS 



Q'^t^ (Repair of ma-jor eouipm ent items) 

TOTAL OTHER DIRECT COSTS 



2,500 



H. TOTAL DIRECT COSTS (A THROUGH G) 

I. INDIRECT COSTS 



23,680 



68,155 



(SPECIFY RATE AND BASE) 

45% modified total direct costs 
TOTAL INDIRECT COSTS 

J. TOTAL DIRECT AND IND IRECT COSfsTnTn 



30.670 
98.825 



^SSIDUAL FUNDa (IF FOR FURTHE R SUPPORT OF CU RRENT PROJECTS SEE GPM 252 AND 2531 
L AMOUNT OF THIS RFOI IP<;t / i\ no / i kiii.ii lo — — 



Pl/PD TYHbD NAME & SIGNATURE' ' 

Robert R.. Schmidt 


DATE 


B 

iwniocrT r 


DR NSF USE ONLY 


INS 1 . REP. TYPED NAME & SIGNATURE" 


DATE 


Date Checked | Date ol Rate Sheet | inititals-DGC 
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SUMMARY CUMULATIVE BUDG. 



APPENDIX V 



3EF0RE COMPtETlNG PROPOSAL BUDGET 




i University of Florida/Division of Soonsored Research 


PROPOSAL NO. 


DURATION (MONTHS) 




Granted 


j PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR 
; Robert R. Schmidt 


AWARD NO. 







(List each separatety with titie, A.6. show number in brackets) 



NSF Funded 
Persorwnos. 



CAL ACAO SUMR 



Funds 
Requested By 
Proposer 



Funds 
Granted By NSF 
(tf Different) 



1. R.R> Scmnidc, Graduate Research Pror essor (TlT 
"I 



S None 



3. 
4. 



5. ( ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGB 
"6^ ( jTOTAL SENIOR PERSONNEL (1-5) " 



9. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS) 
) POST DOCTORAL ASSOCIATES 



Jli 
2.{ 



) OTHER PROFESSIONALS (TECHNICIAN. PROGRAMM ER, ETC.) 
) GRADUATE STUDENTS "~ 



! 3.( 3 



4. ( 2 ) UNDERGRADUATE S TUDENTS 

5. ( 



1^1 J?2 



) SECRETARIAL CLERICAL 
) OTHER ~ 



TOTAL SALARIES AND WAGES (A^S) 



C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) — 
TOTAL SALARAIES. WAGES AND FRINGE BENEFITS (A^B^) 



150.192 



0. PERMANENT EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR FACH ITEM 

EXCEEDING $1,000:) ^ 

Sipall equipment items costing less than $500 ea. , e/g. 
mixers, Plexiglas electrophoresis chambers, Eppendorf 
pipettes, etc. 



, pumps , 
automatic 



TOTAL PERMANENT EOUIPMEK^ 

£. TRAVEL 1. DOMESTIC (INCL CANADA AND U.S. POSSESSIONS) 



8,000 



2. FOREIGN 



8,000 



F. PARTICIPANT SUPPORT COSTS 

1. STIPENDS $ 

2. TRAVEL 

3. SUBSISTENCE 

4. OTHER 



• • ( ) TOTAL PARTICIPANT COSTS 
G. OTHER DIRECT COSTS 



1. MATERIALS AND SUPPLIES 



2. PUBLICATION COSTS/DQCUMENTATION/DISSEMINATION 

3. CONSULTANT SERVICES ' 



73,273 



6,000 



4. COMPUTER (ADP£) SERVICES 

5. SUBCONTRACTS ' 



6. OTHER 



(Repair of maior equipment Items^ 



TOTAL OTHER DIRECT COSTS 
H. TOTAL DIRECT COSTS (X THR0UGH"G) 



10,000 



89,273 



I. INDIRECT COSTS (SPECIFY RATE AND BASE) 

45Z modified total direct costs 

TOTAL INDIRECT COSTS 
J. TOTAL DIRECT AND INDIRECT COSTS (H - 



K, RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT PROJECTS SEE GPM 252 AND 253) 



L AMOUNT OF THIS REQUEST (J) OR (J MINUS K) 



Pl/PD TYf?ED NAME k SIGNATURE' 

Robert R> Schmidt 

INST. REP. TYPED NAME & SIGNATURE' 



NSF Form 1030 (8/90) Supersedes Ait Previous Editions 



DATH 



r 



DATE 



115,050 I 



S 370s 715 |S 
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INDIRECT COST RATE VERIFICATION 



Dale Checked 



Date ol Rate Sheet 



Inititals-OGC 
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BUDGET JUSTinCATION 

Persoimel: 

1. Prindpal Investigator; 

Dr. Schmidt will spend 25% of his time on this project No salary funds are 
requested. 

2. Three Graduate Researc h Assistant's- 

Mr. Richard Hutson. received a B.S. degree in Microbiology from the Virginia 
Polytechnic Institute and State University, and will receive the M.S. degree in molecular 
biology under my directio-n in He will pursue his Ph.D. in my laboratory. 

Mr, Philip Millgr received a M.S. degree in Genetics from Appalachian State 
University and joined my laboratory Spring Semester 1990 and is pursuing his Ph.D. in 
molecular biology under my direction. 

Ms. Brenda Russell received a M.S. degree in Microbiology from the Virginia 
Polytechnic Institute & State University and joined my laboratory Summer Semester 
1990 and is pursuing her PhJD. in molecular biology under my direction- 

« 

Each of these graduate smdents is currently working on aspects of the molecular 
biology of the Chlorella and Arabidopsis project. Their continued work in this area 
requires an extramural grant. 

3. Laboratory Aid,<^; • 

Part-time undergraduate-student employees are required to wash and/or sterilize the 
large volume of dirty laboratory glassware and culture tubes, etc. generated by an active 
research group. These part-time laboratory aids also are involved in the general 
laboratory maintenance required in a biochemistry/molecular biology laboratory. 

4. Laboratorv Technician TState funded); 

• Ms. Waltraud Dunn, a senior level state-funded laboratory technician.will devote 
approximately 25% of her time to this project with no funds requested for her salary 
from the NSF. 

The salaries of the graduate students will be increased by 5% each year. There is a 
Graduate Student Union at the University of Rorida that negotiates raises each year which 
range between 4% and 6%. 

Permanent Equipment 

At the present time, we have (or have access to) all of the major equipment items 
required for this project. However, we routinely need to purchase small permanent 
equipments items which cost less than $500, i.e., automatic pipettes, electrophoresis 
chambers, dialysis chambers, pumps, thermoregulators, magnetic stirrers, heaters, etc. 
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TraveL- 

Funds are requested to give talks/posters at the national meetings of the American 
Society of Biological Chemists, American Society of Plant Physiologists, and the American 
Society of Microbiology. The principal investigator, and graduate smdents will be attendees 
provided talks/posters are presented. 

Materials and Supplies (per year): 

1. Radioactive compounds, .enzyme substrates, protein standards, restriction enzymes and 
other recombinant DNA reagents and linkers, translation assay components. Protein A, 
and other biochemical reagents, etc. S 11,000 

2. Chromatography, electrophoresis, chromatofocusing columns, gels, packings, affinity 
resins, cellulose nitrate paper and other derivadzed papers, polybuffers, etc. S3,000 

3. Glassware, plasticware, scintillation vials,- Eppendorf pipettes tips, distilled HjO dionizer 
cartridges, culture mbes, microcentrifuge mbes, liquid nitrogen, carbon dioxide, argon. 
X-ray film, etc. . 53^000 

• ■ 

Because of the rapid increase in costs of biochemical and molecular biology reagents, 
a 5% increase per year is budgeted. 

Publication Costs/Page Charge: 

The funds are requested for page costs and also for making photographs of gels, 
autoradiograms, etc. and for preparation of figures for publication. With research 
progressing so rapidly, it is anticipated that equal funding will be required each year for 
publication related costs. 

Other Direct Costs: 

The costs for repairs of power supplies, centrifuges, low temperanire freezers. Coulter 
cell counter, spectrophotometer, freezer drier, fraction collectors, etc. routinely costs a 
minimum of S2,500 per year. 
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APPENDIX 
Facilities 

Dr. Schmidt has a laboratory of 1,600 sq. ft. which has essentially all of the equipment 
required for modem research in plant and microbial biochemistry and molecular biology. 
Typical equipment items include: two large nucleotide sequencing apparatus, 1 - Phaimacia 
Fast Protein Chromatograph with different types of analytical columns, multiple units for 
analytical and preparative slab-gel electrophoresis, transiUuminator with Polaroid camera, 
fraction collectors and monitors, density-gradient former and fractionators, 1 - 
ultracentrifuge, several refrigerated centrifuges, -70 ^'C freezer, Gilford recording 
spectrophotometer, a laboratory personal computer connected to university VAX, etc In 
addition, the department has scintillation counters, an oligonucleotide synthesizer, electron 
microscopes, etc. The univenity Interdisciplinary Center for Biotechnology Research 
(ICBR) has the protein sequencer, amino acid analyzers, LKB laser densitometer, DNA 
sequencer, DNA synthesizer, etc. The ICBR also has a core facility for isolation and 
production of monoclonal antibodies and also polyclonal antibodies. 

Essential for this project is a large constant-temperature, fluorescent-lighted, sealed 
environmental chamber for culturing GS and GOGAT Arabidopsis mutant plants in a 
controlled atmosphere of 1% CO^-air. We have successfully cultured Arabidopsis plants to' 
maturity from seed in 4 to 6 weeks in ±is chamber. In addition, we have constructed 10 
fluorescent-light shelves (3 ' x 5 ' ) for culturing wild-type or transgenic Arabidopsis plants 
in a constant temperature (22 ^^C) culture room in normal air. All culturing of transgenic 
plants will be in the environmental chamber or culture room. No transgenic plants will be 
cultured outside of Dr. Schmidt's laboratory. 

The culture room also has facilities for growing plant tissue cultures and also mass 
cultures of algae and bacteria, and it houses a Sharpies continupus-Qow centrifuge for 
harvesting large culture volumes. In addition, his laboratory has its own walk-in coldroom 
laboratory (104 sq. ft.), and a darkroom (55 sq. ft.) for development of autoradiograms and 
for viewing nucleic acids in gels with a transiUuminator. 

To facilitate the direction/advisement of his graduate students, Dr. Schmidt's office 
opens direaiy into his main laboratory where students have their laboratory benches and 
desks. 
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EXHIBIT B 



< UNIVERSITY OI- ^ C 

FLORIDA 

Institute of Food and AgriculhiraJ Sciences Room 1052 Building 981 

Department of Microbiology and Cell Science PO Box 1 10700 

Gainesville FL 3251 1-0700 
Tel. (904)392-1906 
Fax (904) 392-5922 

^) August I. 1995 

Dr. Lawrence .VI. Lavin. Jr. 
Senior Patent .Attorney 
.VIonsanto Companv 
700 Chesterfield Parkway North 

St. Louis. Missoun 63 198 Via Federal Express 

Dear Larry: 

I have reviewed the enclosed draft of the patent application. With the exception of the Claims 
that need to be e.xpanded slightly, the application appears to be in excellent shaoe. There are sull 
some typo errors and other small adjustments that need to be made in the te.'^t. I have identified these 
corrections with red ink. I have typed out an expanded list of Qaims for vour consideration These 
are attached to the back of the document. I faxed the new Qaims to Phil .VUller to review" and he 
agrees with the need for the additional Claims. I tried to copy your legal stvle; however, vou mav 
want to rewnte the the new Claims in a different format. , ma. 

I apologize for the delay in geaing the corrected draft back to you. However. I cau-'ht the flu 
and missed a week of work. .After you make the suggested corrections, I believe that the application 
should be filed as soon as possible. 

If you want to contact me to discuss any of my suggested changes, please feel free to call me 
at my office: (904) 392-0237. Many thanks f6r your helj = • P ^ co can me 

Sincerely yours. 



Robert R. Schmidt 
Graduate Research Professor 



c.c. Dr. Chris McKinney 
Dr. Janice Edwards' 
Dr. Philip Miller 



Equal Oppornini(y/Af{irnutive Aceon tiuaturion 
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bALIWANCHIK & SALIWANCHIK 



A Professional Association 
2421 N.W. 41st Street 
Suite A-1 
Gainesville, Florida 32606 



Telephone 904-375-8100 
Facsimile 904-372-5800 



OF CQUNSFI 
Roman Saliwanchik 



September 29, 1995 



VIA UPS COURER 



Dr. Philip Miller 

Post-Doctoral Associate 

Monsanto Agricultural Group 

700 Chesterfield Village Parkway AA3E 

Chesterfield, MO 63198 

Re: New U.S. Patent Application entitled: 

"Novel Polynucleotides Relating to the a- and y3-Subunits of Glutamate 

Dehydrogenases and Methods of Use" 

Your Ref. UF#-1367 

Our Ref. Docket No. UF155 

Dear Dr. Miller: 

Enclosed for your review is a copy of the revised application, which includes the 
comments Dr. Schmidt made to the most recent draft prepared by Monsanto. Also enclosed 
are the formal papers (Declaration/Power of Attorney and Assignment). For your 
convenience, the additions made to the application are shown as shaded; deletions are lined 
through. Of course, these markings will be removed upon filing of the application. 

Please feel free to make any additional comments or call me with any questions you 
may have regarding the application. You will note that the claims have been revised 
substantially. Also, the sequences have been placed in the proper format as required by the 
Patent Office. I should mention that two of the original sequences appeared to be identical; 
therefore, one of these sequences has been removed as a separately listed sequence and the 
remaining sequences renumbered accordingly. 

Once you have reviewed the application, please sign and date the formal papers 
where indicated, and return them to me for filing. 



C:\D0CU-TR\UF\MILLER.155/DNB/mjc 
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To: Dr. Philip Miller 2 September 29, 1995 



Thank you for your attention to this matter. The application has been transmitted 
to Drs. Lawrence Lavin and Bob Schmidt under separate cover. As you know, we plan to 
file the application as soon as possible after the microbiological deposit has been made. 
Your assistance with the deposit matters is appreciated. I look forward to hearing from you 
soon. 



Very truly yours, 




Patent Attorney 

TWW/mjc 

Enclosures: as stated above 



C:\DOaLTR\UF\MILLER.155/DNB/mjc 
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